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When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished,
or in any way supplied the sald drawings, specifications, or other
data, 18 not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or
conveyling any rights or permission to manufacture, use, or sell
any patented lnventlon that may in any way be related thereto.

Qualified requesters may obtain copies of this report from the
Armed Services Technical Information Agency, (ASTIA), Arlington
Hall Station, Arlington 12, Virginia. ’

This report has been released to the Office of Technical Services,
U. S. Department of Commerce, Washington 25, D. C., for sale to
the general public.

Copies of thils report should not be returned to the Aeronautical
Systems Division unless return is required by security considera-
tions, contractual obligations, or notice on a specific document.



FOREWORD

This report describes work performed under Contracts AF 33(616)-
7757 and AF 33(657)-7617, "A Research Program for Understanding

the Mechanisms of Flame Inhibition," and AF ;3(616)-7458, "Fire-
Resistant High Temperature Hydraulic Fluids.' The former contract
was initiated under Project No. 6075, "Flight Vehicle Hazard
Protection," Task No. 607505, "A Research Program for Understanding
the Mechanisms of Flame Inhibition." The latter was initiated
under Project No. 7340, "Non-Metallic and Composite Materials,"
Task No. 734008, "Power Transmission, Heat Transfer Fluids, and
Other Forms of Energy Transfer Fluids." '

The contracts were performed at the Dayton Laboratory of Monsanto
Research Corporation. The first two contracts were sponsored by
the Flight Accessories Laboratory, Aeronautical Systems Division,
Wright-Patterson Air Force Base, Ohio with Mr. Benito P. Botteri
serving as project engineer., The third contract was sponsored by
the Directorate of Materlals Processes, Aeronautical Systems
Division, Wright-Patterson Alr Force Base, Ohlo with Mr, Harold
Adams as project engineer,

For Monsanto, the computer program was written by Dr, G, H. Ringrose
. of Monsanto Research Corporation and Dr. D. R. Miller and

Dr. A, C. Pauls of Monsanto Chemical Company. Dr. G. B. Skinner
served as project leader. ’

The authors are indebted to Dr. W, C. Hammann of Monsanto Chemical
Company for the hand calculations that led to the adoption of the
general mathematical approach. This contribution and the many
helpful suggestions made by numerous people are acknowledged with
gratitude. Particular assistance was given by Mr. D, J. Kaufman,
also of Monsanto Chemical Company, who was instrumental in trouble
shooting and expediting the machine solutions.

The routines were originally programmed and run on the IBM 704
computer In the Research and Engineering Dlvision of Monsanto
Chemical Company, St. Louls. Later the programs were adapted for
solution by an IBM 7090, at the Aeronautical Systems Division,
Wright-Patterson AFB, Ohio. : '




ABSTRACT

Two digltal computer routines were developed to process flame
speed data resulting from the burning of compounds in alr and
oxygen, and to correlate particular structural configuration
with flame speed.

In both routires a high degree of flexibility has been in-
corporated to assure efflcient utilization under several
" forseeable circumstances.

The first routine, FSC, processes the raw experimental data

to obtaln flame speeds, equlvalence ratios, and the equivalence

ratio at the maximum flame speed. This information is stored
on a master magnetic tape for subsequent calculations.

The second routine, FSR, permits selection of specific data
groups from the master tape for analysis. A lilnear model
was chosen for the correlation.

This technical documentary report has been reviewed and is

approved,

Chief, Environmental Branch
Flight Accessories Laboratory
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FLAME SPEED DATA REDUCTION AND CORRELATION USING A DIGITAL COMPUTER

I. INTRODUCTION

Two Alr Force-supported programs at this laboratory concern the
relative rates of combustion of a number of chemical compounds.
One program /AF 33(616)-74587 deals with the synthesis of
potential high temperature hydraulic flulds and the other

/EF 33(616)-7617/ with increasing our understanding of the
mechanisms of flame inhibition, the ultimate objective being
the development of agents for extinguishing propellant fires.

Searches for effective fire-resistant fluids or propellant fire
extingulishants would be systematized and expedited if a general
method for characterizing, measuring, and predicting combusti-
bility were at hand. Unfortunately, most flammabillity tests
and specifications in use are so application-oriented or other-
wise restricted as to be of only limited value for general use.
A measure of the intrinsic ability of a material to support or
inhibit combustion, as free as possible from influences peculiar
to the testing procedure, 1s the first requisite. Given such

a measure, there 1s then the possibility of relating combusti-
bility to the molecular structures of materials tested and of
predicting therefrom the combustibilility of untested candidates.

This report describes computation routines designed to support
the above approach. Flame speed - a state property of a
combustible gas mixture - is the intrinsic measure of com-
bustibility selected for use in characterization, correlation,
and prediction. Earller work, although limited to pure hydro-
carbons burned in air, tends to confirm the approach adopted
here.

The routines are programmed in the FORTRAN II language for
IBM 7090 solution.

Manuscript released by authors February 1963 for publication as
an ASD Technlcal Documentary Report.




II, THEORETICAL ASPECTS

Theoretical flame speed is commonly defined as the subsonic
rate of perpendicular propagation of an infinite plane flame
front through the quiescent combustible gas. External forces
(for example, gravitational or magnetic fields) are presumed
absent or insignificant, and the flame-induced flow 18 assumed
to be laminar and one-dimensional.

When defined in this 1dealized manner, flame speed 1s a function
only of the 1nitial temperature, pressure, and composition of
the combustible gas. It is thus an intensive state property

of the gas, Just as are density, enthalpy, viscosity, refractive
index, and the like. Moreover, flame speed is a transport
property dependent upon the rates of energy, momentum, mass,

and chemical exchange accompanying combustilon.

Prediction of flame speed from gas temperature, pressure, and
composition is a long-standing goal of combustlon research.

A reasonably general and accurate method would be extremely
useful in solving a range of practical and theoretical problems.
Combustor and propulsion system design may be cited, in addi-
tion to the materials search problems underwriting the work of
thils report.

In principle, flame speeds can be predicted theoretically.
Simultaneous solution of the differentlal equations of

change 1s possible when all important physical-chemical
properties (e.g., heats of reaction, reaction rate constants,
density, diffusivities, eﬁissivity, etc.) are known. Un-
fortunately, many of these properties are not yet known.
Ccmbustion reaction mechanisms are normally quite complex and
are consequently poorly understood. Much remains to be done,
even in the identificatlion of intermedlate chemical speciles.

While theory is of 1little practical utllity, empirical cor-
relations offer considerable promise. Hibbard and Pinkel
(Ref. 1) achieved a good correlation of maximum flame speed
of 37 hydrocarbons (mixed with air) versus the concentrations
of the various C-H bond types present. The relation used was
of the form

Ynax = Zjbj(cj)max (1)

The concentration (CJ)max of the J type bond 1s determined at
the fuel-to-oxldizer ratio which yields the maximum flame
veloclity upgx and the corresponding influence coefficlent for
thils bond is designated bJ. The average per cent deviation




between the measured and predicted maximum flame speeds was
about 2% for the 37 hydrocarbons correlated.

The approach of Hibbard and Pinkel was extended by Hammann

and Blake (Ref. 2) in calculation of flame speed coefficients
of the various bond types in fuels containing oxygen, nitrogen,
sulphur, boron, and silicon in addition to carbon and hydrogen.
Their correlations were based upon data obtalned experimentally
by burning 142 model compounds and upon data reported by Gihbs
and Calcote (Ref. 3). Several modifications of the correlation
model, Equation 1, were tested and Equation 1A was found to
provide the most acceptable correlation.

“max L £, b (14)
Colnax 0 3

The number of J-type contributors occurring in each molecule of
fuel 1s desilgnated nJ.

While the agreement between the predicted and measured flame
speeds was not as good as for hydrocarbons alone, the results
convineingly supported the general utility of the linear
correlation technique. The computer routines described in
this report were used by Hammann and Blake.,

DEFINITIONS
The following terms are used frequently throughout the report:

Contributor A countable structural feature of a fuel
molecule (e.g., each hydrogen bonded to a primary carbon in
HH

ethane, HC-CH, could be classed as a contributor).
HH ‘

Contributor number Jj An identifying code number which
is assigned to each defined contributor (e.g., the primary-H
contributor was assigned the code number 37).

Contributor count n4 (or ni l The number of J-type
contributors contained in a molécule of fuel (or in a molecule
of the ith fuel)(e.g., the contributor count of the contributor
r primary-H in the fuel ethane would be 6)

Fuel A material that forms a combustible mlxture when
mixed with an oxidant. Included are impurities, additives,
and all compounds not included in the gaseous oxldant. For
totalling the contributor count for mixed or composite fuels,




it is assumed fhat the over-all fuel has additive properties of
the compounds present. For example, 1if z; 1s the mole fraction
of compound 1 in the fuel, and njjy 1s the count for contributor
J, then

nJ = Zlnl'j + 22n2J + ...

Oxidant The portion of the combustible mixture which
includes the oxygen and inert gases but excludes the fuel,

Equivalence Ratilo The actual fuel-to-oxygen ratio
divided by the fuel-to-oxygen ratio stolchiometrically required
for complete combustion of the fuel oxldizer, This 1s a
measure of the richness or leanness of the flame.

Standard Error Synonymous with the statistical quantity
"standard deviation."

Data Group A unit of data pertaining to a single fuel-
oxidant combination burned at various equlvalence ratios but
otherwise under ldentical conditions., The components of a
data group in the:.order in which they are stored by the com-
puter on master tape 6 are:

(a) Serial Number Assigned sequentially by the computer
in order of tape location.

(b) Fuel Name Alphabetic and/or numeric representation
of the fuel, e.g., (n-Pentene-2). A maximum of 12
characters (including blanks) is permitted.

(¢) Fuel Numbers Code numbers which are used to classify
the types of fuel.

(1) Fuel Class Number General fuel type (e.g.,
Ol-organic aliphatic; O2-organic aromatic,
0C-1inorganic ).

(2) Fuel Group Number Denotes subclassification
of fuel type (e.g., O6-saturated cyclic compound).

(3) Fuel Member Number An arbitrary code number,
used to 1lndlcate sequence of experimental analysis
‘of a particular group.

Thus for the fuel cyclopropane the fuel number is

010601.
d Data Source Number Designates the source of the
data (e.g., Ol-literature-, O2-experimental).




{e} Experimental Conditions Number A code to dis-
nguls ata taken under erent experimental
conditions, such as temperature, pressure, per cent
oxygen 1n oxldant, etec.

(f) Flame s§eed at unity equivalence ratio, Ug¢ee
(cm/sec

(g) Maximum flame speed, up,, (cm/sec).

(h) Fuel concéntration at unity equivalence ratio,
(eplgroe (molecules/ce).

(1) Fuel concentration at the conditions of maximum flame
speed (¢, nax (molecules/cc).

(J) Equivalence ratio at the maximum flame speed, @yax

(k) Number of different defined (i.e., coded) contributors
in the fuel molecule.,

(1) List of the contributor code numbers with their
respective counts for the fuel considered.




III. DESCRIPTIVE OUTLINE OF THE CALCULATIONS

An analysis of the computations required to reduce the experil-
mental data and perform the regression analyses led to the
separation of the problem into two sectlions., The first section
processes the raw experimental data and calculates the flame
speeds, concentrations, and equivalence ratios. These quanti-
ties are then stored on a master reel of magnetic tape. The
second sectlon, namely, the flame speed regression section,
uses this reel of magnetic tape as its input data. From these
data, the regression coefficients of the flame speeds and other
dependent variables are determined.

Corresponding to each of these sections is a Fortran routine
that 18 described 1In detall in a later section. A general
discussion of these routines follows.

.DATA REDUCTION (Routine FSC)

The data reduction routine calculates the flame speed and
related quantities from the raw data, tests these quantities
for inconsistenciles, and prepares or corrects the master reel
of magnetic tape with acceptable data.

Flame Speed The calculationz are based upon the conlcal
(Bunsen) burner method for flame speed determination. Measured
flows of the several components of the mixture are passed in
laminar flow through a burner tube at a controlled temperature
and pressure. A roughly conical flame front is stabilized at
the mouth of the tube.

The large density gradient in the gas stream at the flame
front permits the use of schlleren photographic techniques to
record the flame proflile. It is assumed that the flame is
symmetrical about its vertical axis. PFigure 1 1s schlieren
photograph of a typical flame cone.

The flame speed is determined by dividing the total volumetric
gas flow rate by the area of the flame front. Since the flame
cone photographed is seldom a "right circular cone," its
surface area must be determined from measurements at several
intermediate points., To do so, the dlameter is measured at
several heights of the cone as 1llustrated in Flgure 2. The
surface area between any two of these diameter measurements

is assumed to be that of a frustrum of a right circular cone.
The sum of the surface areas of these frustra glves a fairly
accurate value of the true flame front area. Actually, the
local flame speed 1s slightly above the average at the cone tip




Fig. 1 Schlieren Photograph of a Flame Cone
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- Pig. 2 Diagram of Flame Cone Profile
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and slightly below the average at the base. Therefore, the
calculated flame speed must be consldered an average value
only. Evidence has shown that there 1s a slight dependence

of flame speed on the total volumetric flow rate of the gases,
the burner part geometry, and the burner part temperature.
Slight influences are also made by the method used to define
the cone area (1.e., schlleren shadow, or radiant photography).
However, by standardizing on one of the techriiques, this
varlable can be eliminated.

Valid Data Tests Once a serles of flame speeds has
been obtalned, it 1s necessary to determine the conditions
for maximum flame speed (since the correlations proposed are
based on conditions at the maximum flame speed). This is
accomplished by fitting an empirical curve of flame speed vs.
equivalence ratio (u vs. @) to the data and solving the equa-
tion for the maximum. The flame speed at stolchlometric
conditions (@ = 1) 1s also determined.

If a maximum flame speed lles withln tne data range the data
are acceptable for further tests. If no maximum or a minimum
is found within the data range, the data are not acceptable,

Storage on Magnetic Tape- Data groups termed accept-
able are stored on a master reel of magnetlc tape for use by
the regression routilne.

Options The computational routine contalns several
options depending upon the form of the input data. These
options permit sectlons of the computational procedure to be
omitted. For example, a set of flame speed vs. equivalence
ratio data available from previous calculations could be
entered directly into the sequence, and the original raw data
calculations would be by-passed. These options are detailed
in Section VI,

FLAME SPEED REGRESSION (Routine FSC)

A multiple linear regression model simllar to that used b
Hibbard and Pinkel (Ref. 1)(but including a constant term
was selected:

y = by + Egbyn, | (2)

Independent Variables In equation (2) the independent
variables were chosen to be the contributeor counts rather than
the contributor concentration., This simplifies the prediction
and data handling, and adds flexibility by making the "inde-
pendent" variables more independent. This is true because the




contributor concentrations depend upon the mixture temperature,
pressure, equivalence ratio, and oxidant composition, as well

as upon fuel composition. A simple relation exists between

the contributor counts and concentration, as shown in Equation 3:

¢y = nye, molecules/cc (3)

where ce 18 the concentration of fuel in the combustible mix-
ture. ﬁultiplying Equation 2 by cp glves the equivalent of the
Hibbard-Pinkel model (b, = 0).

Dependent Variables For the reasons mentioned above,
the dependent variable y would be set equal to uﬁa /(cf)
when the coefficlents comparable to those publis eé by H@ggard
and Pinkel are wanted. However, this is not the only dependent
variable of possible interest., In predictlons of maximum flame
speed, for example, it 18 necessary to predict fuel concentra-
tion (or fuel-oxidant ratio, or equivalence ratio) at maximum
flame speed. Thils 1s most readily done by correlating fuel
concentration (etc.) at maximum flame speed against contributor
counts. Correlations at stoichiometric fuel-oxidant ratio may
be equally interesting. To emphaslze that such other dependent
variables can be handled wlth equal facility, the indefinite
dependent variable y 1s used.

Coefficients With the emphasis so far given to fuel
composltion, it is appropriate to recall that calculated bji's
are not constants. Values will depend on several or all of
the following (depending on the definition of y):

1. 1nitial mixture temperature

. 1Initial mixture pressure

. some specification of fuel-oxidant ratio
. oxidant composition

. contributor definitions

6. dependent variable definition

N =W o

The above 1ist includes the primary state properties. Since
experimental flame speeds (distinguished from theoretical
flame speeds) are always obtained under conditions differing
from the ideal, values of bJ will be related to:

7. experimental conditions (oxidant composition,
température, pressure, etc.

8. source of data (1aboratory, technique, journal
reference, etc.

All listed factors should be conslidered when sets of coeffi-
clents are compared.




Block Regressions Obtaining a full set of coefficilents
is basically a stepwise trial-and-error process,., The trial-and-
error enters in the definition of contributors (i.e., independ-
ent variables). Since it is not known at the outset which
structural features will give the best correlations, it 1is
necessary to accommodate definition of new contributors as the
analysis progresses. In addition, it is desirable and most
efficlent to calculate certain coefficients using only a
particular class of fuels., C-H bond coefficients, for example,
are most readily and accurately determined from flame speed
data on hydrocarbons. If accurately determined, a coefficlent
should be applicable unchanged in later regressions,

The above considerations indicated that a "block regression"
procedure (certain coefficients held constant) would be most
advantageous. Thls procedure may be expressed mathematically
by Equation 4:

y - Zsbsns = bo'+ Eubunu S (4)

The bg coefficients represent those whose values are known,
and are termed the "prespecified coefficients." The by and
b, coefficlents are those to be determined by the regression
analysis. The constant term by may be elther calculated or
prespeciflied as zero.

Block Selection Criteria All of the data groups that
are acceptable for regression analysis are stored on a single
master reel of magnetic tape. Seven different accept-reject
tests are avallable for selection of these data. The select-
ing criteria comprise (1) data group serial number, (2) fuel
class number, (3) fuel class-group number, (4) fuel member
number, (5) data source number, (6) experimental conditions
number, and (7) fuel contributor content.

For flexibillty, these tests may be lgnored, or applied singly
or in any combination. The tests are described 1n detail in
the following section. :

10




IV, MATHEMATICAL OUTLINE OF THE CALCULATIONS

FLAME SPEED DATA REDUCTION CALCULATIONS (Routine FSC)

Functions Performed The functions performed by Routine
FSC may be classed In five groupings. The portions of the
computer program used in each function are enclosed in
parentheses.

Function 1  (Subroutines EXPD 1 or EXPD 3)

Given: (a) Combustion mixture, temperature and
pressure

b Fuel stolchiometric oxygen demand

¢} Mole fraction of O in oxidant

d Molar volume of fuel

e Volumetric flow rate of oxidant

£ Flame envelope dimensions
Calculate: (a Volumetric flow rate of mixture

b Area of flame envelope

c Flame speed

d Equilvalence ratio

(a) Volumetric flow rate of the mixture, dm

Wx

qx*/22,h14 g-moles/sec (5)
We = Qp/ Vs g-moles/sec (6)

we and wy are the molar flow rates of the fuel and oxidizer and
de and gqy* are the volumetric flow rates in ce/sec (the latter
ag s.T.P.). Ve 1s the molar volume of the fuel and must be
based on the same fuel density as qp.

v, = 62,366(t, + 273.15)/P;  cc/g-mole (7)

where v 1s the molar volume of the mixture and t_ (°C) and
Pov (atm.) are the temperature and pressure of the mixture.

Therefore: q

o= (e +-wf)vm ce/sec (8)

11
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(b) Area of flame envelope, A

The increment of surface area AAj between any two
heights h1 and hi-l is given by

2
_ (D_ + D, |\ 2 | [Dy_q =Dy 2 9
oAy = -l 1 ) \/(hi - hy_,) +( 1-1 1) em (9)

where Di is the measured diameter at the upper height and
Dy.; 1s"that at the lower helght. The total surface area of
the flame 1s calculated by summing these increments over the
whole helght

e (10)

AA

s

A =
1=1 1

(¢) Flame speed, u

Once the total flame area has been determined, flame
speed can be easily calculated:

u = qm/A (11)

(d) Equivalence ratio, @

From 1ts definition as the actual fuel-to-oxygen
ratio divided by the stoichiometric fuel-to-oxygen ratio, the
equivalence ratio is calculated:

g = (wf/wo)/(wf/wost) - (12)

where w,'is the molar flow rate of oxygen used in the experi-
ment ang.wost is that rate required for complete reaction.

But w, = W,z , g-moles/sec “(13)

and w = Wplgy/2 g-moles/sec (14)

ost

where z is the mole fraction of oxygen .in the oxidant and
where rgt 1s the number of atoms of oxygen required to com-
pletely oxidize one molecule of fuel.

Therefore @ = wery. /2w, z (15)

0oX
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Function 2 (Subroutine MAXM)

Given: A series of experimental values of flame
speed vs. equivalence ratio. (The flow
rates are the only controllable variables.)

Calculate: §ag Maximum flame speed
b Flame speed at stoichiometric condi-
tions
(¢) Equivalence ratio at maximum flame
speed

(a) Maximum flame speed, Upgx

Past work has shown that curves of u vs. @ generally
are concave from below with a maximum in the vicinity of @=1.
Figure 3 is an example of such a curve,

Many of the curves are fairly symmetrical in the vicinity of
the peak and are nearly parabolic in shape., Others are fairly
asymmetrical and are better approximated by a higher order
power series. To find the peak of a given series of measured
values of u vs., @, the data are fitted with an equation of the
form
R 1
u= = a_ @&" em/sec (16)
r=1 T

The method of calculating the "a" coefficients depends upon the
number of points available, N, If N = 4, a perfect cubic fit
(R = 4) is obtained by solution of the simultaneous equations

R
r-1 £3
u, = ;?1 a, ¢n n=1, ... R (i7)

If N>U4, a least square cubic fit (R = 4) 1is obtained by the
solution of the "normal regression equations.”

N R N
f_.l unﬂnr'l = él (aq él ¢nr + q'2) r=1...R (18)
n= Q= n=

The ncrmal regresslion equations are the result of a mathematical
treatment on the original polynomial, Equatlion 17. An explana-
tion of the analysis may be found in statistics téxts such as
Hoel (Ref. 6).

Solution of these equations gives the set of "a" coefficients
which minimize the residual sum of the squares:

13
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N
Q== (u,-9)2 | (19)
n=1

where Gn represents a predicted value,

The standard deviation of u about T is

= *OQ/(N-R) em/sec (20)

If the calculated standard deviation 1s greater than the one
specified, the cubilc fit 1s declared unsatisfactory and a para-
bolic fit using Equation 18 with r=3 is tried. If the standard
deviation 1s still too high, the data set 1s ignored.

If only three points are avallable, a perfect parabolic fit,
r=3, 18 obtained in the manner of Equation 17. Less than three
points are not considered’'since they cannot define a curve with
a maximum. ‘

(b) Equivalence ratios

(1) Cubic maximum Once the cubic fitting
procedure has been satisfactorily completed it is necessary to
determine the maximum point (upax,@pax) of the curve. Two
additional factors must be consgdereg The maximum velocity
must occur wlthin the data range considered, and a minimum
velocity must not occur within the data range. If eilther of
these conditions is violated, a parabolic fit is attempted.

Double differentiation of Equation 17 with r=l4 gives

= éz + 2a 8 + 3a,,0° (21)
and 1 = 2ay + 6a,d (22)
At the maximum
A
Unax = © - (23)
and G;ax <0 (24)

Solving Equations 21 - 24 yields
x =(a3/38,)(1 2L'\/1-3a2au/a32 ) (25)

and O >7% 2aq 1-3aaau/a_32 (26)

15




The inequality shows that the upper sign is to be used in
Equation 26 when a3 is positive, and vice versa.

For a real maximum to exist, three conditions must be fglfilled:

ay #0 (27)
a3 # 0 ' (28)
1-3a2a4/a32 >0 (real roots) (29)

(1i) Cubic minimum The equivalence ratio

at the minimum point (ﬁhin,ﬁhin) of the cubilc equation must
also be determined:

Boin = ~(ag/33,)(2 T \1-32,3,/8,°) (30)

m

The upper sign 18 understood to hold when a5 is positive, and
vice versa. This equivalence ratio must not lle within the
data range.

(111) Parabolic maximum When a satisfactory
parabolic fit is obtained, ¢, is given by
Pnax = -a2/2a3 (31)

in which a3 must be negative,.

Function 3 (Executive routine)

Given: (a) Combustion mixture temperature and
pressure
b) Fuel stoichiometric oxygen demand
c¢) Mole fraction of Op in oxidant
d) Equivalence ratio at maximum flame speed

b) Fuel concentration at stoichiometric
conditions

Calculate: éag Fuel concentration at maximum flame speed

{a) Fuel concentration at up.., (¢f)max For any
value of the equlivalence ratio @, the fuef concentration 1is
given by

_ (6.0238 x 10°3)pm
Cp = 62,366(tm +'2%3.157(1 * rst/zgzoxjr (32)

molecules cc

16




Therefore (cf)max = ¢, evaluated at @ = ¢ (33)

(b) PFuel concentration at & = 1, (eplgto
Similarly, : -

(cf)stoc = c, evaluated at ¢ =1 (34)

Function 4 (Executive Routine)

Given: Sa; Results listed above
b Composition, source, conditions and
related input information

Action: Stores in memory only acceptable data
groups

Function 5 (Subroutine Tape)

Given: (a) Acceptable groups stored in memory
and on master tape 6
(b) Changes to be made in the data already
on the master tape

Action: Ea; Edit the existing master tape data
b Add new data groups to the master tape

In all cases, the input data, Intermediate values, and output
values are printed out at each step.

Function Options Four options are provided to permit
portions of the program to be by-passed. The options would
be exercised if portions of the experimental data had been
processed previously or if outside data were to be used,

1. Complete calculation (Functions 1 through 43

2. Partial calculation (Functions 2 through 4
3. No calculation Function 4)
L, Tape writing Function 5 - follows successful

execution of the other options)

FLAME SPEED REGRESSION CALCULATIONS (Routine FSR)

Functions Performed Routine FSR prepares the input
data tape for the Esso Regression Analysis subroutine. Its
operation may be considered in three stages:
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Function 1

Given: (a) All data groups currently stored on
‘ master tape 6.
(b) A 1list of data group accept/reject
. tests

Action: '~ Selects and stores up to 300 data
groups passing the accept/reject tests

Seven different tests are avallable for accepting or rejecting
data groups now recorded on the master tape for the regression
analysls, These tests may be employed in any combination de-
sired, including omlssion of any or-all. A limit of 300
acceptable data groups has been imposed for each regression
run. If more than 300 could pass the tests, only the first
300 doing so are accepted for regression.

(a) Data group serial number test Those data
groups whose serial numbers (machline assigned in order of
tape position) are given in an input specification list are
unacceptable.

(b) Fuel class test Only those data groups
whose fuel class numbers are specified in an input list are
acceptable.

(¢) Fuel group test Only ‘those data groups
whose fuel class-group numbers are specifled in an input.list
are acceptable.

(d) Fuel member test Only those data groups
whose fuel class-group-member numbers are not specified in
an input 1list are acceptable.

(e) Data source test Only those data groups
whose source number corresponds to an lnput source number
are acceptable.

(f) Experimental conditions test Only those
data groups whose .experimental conditions number corresponds
to an input conditions number are acceptable.

(g) Contributor count tests Data groups may be
acceptable or unacceptable depending on the presence or
absence of gilven contributors in the fuel molecule. In addi-
tion, the counts of any specified contributors may be assumed
zero whether they are zero or not on the master tape.
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Function 2

Given: Eag All data groups selected as above
b Dependent variable numerator and
denominator code numbers
(¢) A 1ist of prespecified coefficients
with thelr corresponding contributor
numbers

Calculate: AdJusted and scaled dependent variables
for regression

(a) Dependent variable calculation The basic

regression problem is to determine the bu and'bo coefficients
in the equation

y = b, + &b n, (35)

such that the sum of the squares of the difference between
the actual and predicted values is minimized. Routine FSR
provides the option to defline the dependent variable y pro-
vided the independent variables are still contributor counts.
Thus, 1f regression of the maximum flame speed on contributor
concentrations at maximum flame speed 1is desired, y would be
defined

y = umax/(cf‘)max (36)

The dependent variable y may be any quantlty expressible as
a simple ratio of any two of the following quantities:

Quantity Identification Number

1.0 1

ustoc

umax

(cf)stoc
(cf)max

g

max

a U =W P

(b) Dependent variable adjustment If 1t 1s
desired to prespecify (and therefore not calculate) some of the
b coefficients in a given problem, it 1s necessary to adjust
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the dependent variable by subtracting the contributions asso-
clated with the prespecified coefficients. Equation 37 indi-
cates the procedure )

v'y =¥y - é%bsnis (37)
(c) Dependent variable scaling To avoid exceed-

ing the numerical 1imit of the computer (1038) during the
regression calculations, all of the final dependent varlables
are scaled (i.e., multiplied by a constant factor)
! E
¥, =y 410 (38)

so that the largest Yi in a given problem does not exceed
1000.

Function 3

Given: ag All data obtained above
b Input lists of overriding regression
control data (optional)

Action: PFor each valid regression problem store on
tape 7:

-a Output page heading

b Regression control data

¢ Independent variable values (contributor
counts)

(d) AdJusted and scaled dependent variable
values

The regression analysis routine, a modification of SHARE E-R-
MPR2, requires input data for the control of calculation and
printing. One of the functions of routine FSR is to supply
the needed data in the proper form. Although this i1s done
automatically using internally stored values, input control
data may be given if it is desired to override any of these
values,

In all cases the important Input data and intermediate and
output values are printed for each function listed above.

20




V. THE COMPUTER PROGRAM

FLAME SPEED DATA REDUCTION (Routine FSC)

Routine FSC consists of an executive, or master control pro-
gram and the eight subroutines listed below.

1. EXPD1
. EXPD3
. MAXM
. TAPE

INPUT

2
3

M

5. CROUT
6

7. VDECOM
8

DECDCP

Section IV contained a brief outline of the functions of the
executive routine and the first four subroutlnes listed above.
Here, these shall be discussed in more detall.

Executive Routine The executive routlhe controls the
selectlion of five of the elght subroutines. The first data
card in each group contains informatlon regarding the option
to be performed, the use of EXPD1 or EXPD3 and the use of
MAXM. The executive routine reads thils card and sequences
the operations accordingly. Diagnostic code numbers are
present 1n each of the subroutines and if any of these are
exercised the executlive routine will cause the printout of a
dlagnostic. If subroutine MAXM indicates that the data pro-
cessed were satisfactory, the executive routine will store
the pertinent values in memory prior to their addition to the
master tape. Two small calculations, and (cp)max are
also made. It has been attempted to indicaEe each step in the
actual program with "comment cards", and for convenience a
nomenclature list precedes each routine. These can be found
in Appendix A.

Subroutines EXPD1l and EXPD3 Both subroutines perform
the same basic calculatlion of total cone area, flame speed,
and equivalence ratio. However, the respective data outputs
differ slightly. It was considered less confusing if each
alternative had its own subroutine. Which subroutine to use
1s determined mainly by the intended use of the data after
processing.
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If the data to be processed are to be considered for addition

to the master tape, subroutine EXPD1l should be used. In this

subroutine, one experimental run number pertains to the entire
data group and the input and output are set up accordingly.

If a set of control data are run sequentially, subroutine
EXPD3 should be used., Each calculation 1s listed sequentially
in the output to avoid confusion of the output with that from
EXPD1. Sample printouts from both subroutines may be found

in Appendix A,

Subroutines MAXM and CROUT Subroutine MAXM analyzes
the data to see 1f either a wvalld cublec maximum or a parabolic
maximum occurs within the data range. Subroutine CROUT solves
the equations generated for the regression coefficients. As
the logilc used in subroutine MAXM is more involved than in the
others, a brief stepwise description 1s presented.

1. If the number of experiments (or points) per
data group is 1 or 2, signal that the data are "bad" and re-
turn to the executive routine. If there are 3 points, go to
step 6; otherwise go to step 2.

2. Calculate the cubic coefficients either from
the cubic polynomial (4 points) or from the "normal regression
equations" (more than 4 points), as indicated in Section IV.
Ir thg calculation 1is successful, go to step 3; 1f not, to
step O.

3. Check cubic maxima criteria (coefficients zero
or imaginary square root). If all are satisfied go to step
4; 1f not, to step 6.

4. Calculate @pax and @nin. Check for @pax inside
data range and @i, outside data range of ¢J. If so, 8o to
step 5; 1if not, %o step 6.

' 5. Calculate Ugtnes Umaxs Gh, absolute and per cent
differences between uy ang s ang standard deviation S, If S
1s less than or equal to a specified value, signal the data
"g00d" and return to the executive routine; if greater,
signal the data "bad" and return to the executive routine.

6. Calculate the parabolic coefficients from the
quadratic polynomial (3 point) or from the "normal regression
equations" (more than 3 points). If the calculation succeeds,
go to step 7; 4if not, to step 9.

7. Check for negative coefflclent a (curve con-~-
cave downwards). If so, calculate ¢max and go~to step 8;
1f not, to step 9.

c
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8. Check for @max inside @ data range. If so, g0 to
step 5; 1if not, to step 9.

9. Signal the data "bad" and return to the executive
routine.

Subroutine TAPE This subroutine controls all operations
that change the contents of the master tape. The first portion
of the routine scans the tape and makes the alterations to the
data groups that were specified on an input data card. The
second sectlion permits the alteration or addition of contributor
code numbers and names., The third section adds to the master
tape the new data groups that were elther approved by MAXM
or entered via option 3. The flnal section is used only for
the initial makeup of the master tape. Once the tape contains
some data the other portions of the program may be used without
a sequencing diagnostic.

Subroutines INPUT, VDECOM, and DECDCP These subroutlnes
facilitate preparation of the input data cards by permitting a
variable width format. The complete card format 1s described
in Section VI,

FLAME SPEED REGRESSION (Routine FSR)

Routine FSR prepares the input data for the E-R-MPR2 Esso
Multiple Regression subroutine. It does not alter the input
data (with the exception of scaling the dependent variable),
but serves only for selecting the appropriate data for the
regression analysis. In addition, control data are supplied
for the Esso program.

Accept/Reject Tests Seven tests are provided for
accepting or rejecting data groups. The first slix tests are
simple yes/no choices and were explained in Section IV. These
tests are listed below.

Data group serial number test
Fuel class test
Fuel group test

Fuel member test

U w no

Data source test
6. Experimental conditlons test

Test 7, the contributor count test, 1is more complicated and
willl be explained here in detail.
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Data groups will be found acceptable or unacceptable depending
upon the presence or absence of particular contributors in the

fuel molecule,

In addition, the counts of any contributor may

be set equal to zero. The code numbers and test operation are

listed below,

zero test -

one test

two test

three test-

four to
nine tests

The count of the specified contributor(s)
is set to zero

The count of this contributor may be either
zero or positive.

The count of this contributor must be zero
or the group will be rejected.

The count of this contributor must be posi-
tive or the group will be rejected.

Six tests are avallable to select data groups
on the basis of a particular contributor con-
tent. The acceptance of a data group may be
conditional upon it containing (+) and/or

excluding (-) a certain number of a list of

contributors. An example should clarify this,

Example

The data card types are glven an alpha-
betlic identification. The contributor
count tests are specified on a "P" type
card and the conditional tests on a "Q"
type card.

(a) Sample P-type Card 1, o, 15, 1,
16,0, 27, §, 29, 5, 32, 3, 33, 5, 3h,
4, 37, 2, 4o, 6, 61, O.

Interpretation

Apply zero test (0O) to contributors
number 1-14, 16-26, 61 and up

Apply one test (1) to contributor
number 15

Apply two test (2) to contributors
number 37-39 .

Apply three test (3) to contributor
number 32

The above tests are specific; the fol-
lowing are condltlonal:
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Apply four test (4) to contributors
number 27, 28, ?4-3‘

Apply five test (5) to contributors
number 29-31, ?3

Apply six test (6) to contributors
number 40, 41

(b) Corresponding Q-type Card

+3, -2, +1

Interpretation

Four test; the data group must con-
tain (+) at least 3 contributors from
the 1ist 27, 28, 34-36.

Five test; the data group must not
contain (-) at least 2 contributors
from the list 29-31, 33.

Six test; the data grouﬁ must con-
tain either contributor 40 or 41,

NOTE: Conditional tests 7 to 9 were
not used in the example.

Dependent Varilable Limitations Up to 10 different
dependent variables may be regressed in a single computer
run (problem numbers 1 to 10). All problems in the same
run share a common list of regression control data and
operate on the same set of selected data groups.

Regression Control Data The regression analysils sub-
routine, a modification of SHARE E-R-MPR2, requires several
pleces of information for the control of calculation and
printing. One function of routine FSR 1is to supply the
needed data in the proper form. Thils 1s done automatically
using internally stored values. Only when it is desired to
override one or more of the internal values 1is 1t necessary
to supply input control data. Internally stored values are
glven in the following 1ist.
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Built-in

Item Description Value
Dec. 1 Tolerance 0.001*
2 P value for entering varilable 0.00002*
3 F value for removing variable 0.00001%
Int. 1 Problem number calculated
2 Number of varilables calculated
3  Number of points (data groups) calculated
4  Weighting factors given 1 (no)
5 Intermedlate steps printed 0 (yes)*
6 Raw sums of squares and cross products 1 (no)*
printed
7 Averages to be printed .1 (no)*
8 Residual sums of products to be printed 1l (no)*
9 Partial correlation coefflcients to be 1 (no)*
printed
10 Predicted values (Y4's) to be printed 0 gyes)*
11 Constant term (by,) fo be assumed non-zero 1 (no)*

Values marked with an asterisk may be overridden by input values.
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VI. USE OF THE COMPUTER PROGRAMS

Both routines have been written in the standard FORTRAN II
language compatible with most large-scale computing equipment.
A maximum of four magnetic tape units are required in addition
to any tape units used for Ilnput-output operations. The
routines, as presented in Appendices A and B, are programmed
to be compatlble with the IBM 7090 Monitor system,with Tape 2
designated as the lnput and Tape 3 as the output.

Two additional routines have been Included to avoild the storage
of the master data tape over a period of time. Routine FSRDM
will prepare a master data deck, or modify an existing data
deck from information contained on the master data tape.
Routine FSRTL will prepare a tape from the master data deck.
These routines are presented in Appendix C.

INPUT DATA DECK PREPARATION

The programs accept the standard IBM type, 80-column punched
cards. However, only columns 1 to 72 may contain information
to be processed by the computer. It is recommended that
columns 73-80 be used for some type of identification both
for the users standpoint as well as for the computing center.

All declmal Input data and most integer input data are pro-
cessed via subroutines VDECOM and DECDCP before being used in
the computation portion of the main routine. The use of these
subroutines simplifies data card preparation to the extent
that fleld widths may be neglected. It 1is only necessary to
provide a blank space or a comma between entries on the data
cards, One restriction is imposed though. No entry may end
in column 72 on the data card.

FLAME SPEED DATA REDUCTION

The input data deck may consist of several sets of cards
depending on the nature of the data and the option applicable.
If only the calculated flame speed 1s of 1interest, an unlimit-
ed number of data sets may be entered. If, however, options
l, 2, or 3 are used for the purpose of adding data groups to
the master tape, an option 4 must follow every 20 sets or

-less, This limitation is imposed because of the internal

storage requirements of the program. Options 1, 2, or 3 may
be run 1ln any order.
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To simplify the makeup of the data decks, each card fulfilling
a specific purpose has been assigned an alphabetlic code letter,
Below are listed the data deck requirements for each of the
options avallable. The actual makeup of the cards follows.

Option 1 Calculation of Flame Speeds from Raw Data

The first four card types set up the calculation sequence and
define certain general conditions. The remaining cards con-
tain the experimental measurements for each flame photograph.
Thus, for a total of N2 photographs, the card order would be:

.Card Order Card e
1 A
2 X
3 B
4 C
5 to N2 + 4 D

Certain entries on the A card determine whether or not a full
calculation or Jjust the flame speeds are required. If the
latter is the case, any number of these sets may be submitted,
otherwise the maximum number before a tape wrlting sequence 1is
20. N2‘1s limited to 10.

Option 2 Calculations for Given Equivalence Ratios and
Hlame Speeds

The first four card types are similar to those mentioned above,
The last card contains the predetermined flame speeds and
equlvalence ratios.

Card Order Card e
1 A
2 X
3 B
L C
5 E
Option 3 All Final Values Given

Only the information on the first threeé card types 1is required.

Card Order Card Type
1
2 X
3 B
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Option 4 Tape Writing and Editing

The first card type remains the same. The second card type con-
tains information about the remaining two card types.

Card Order Card Type
1 A
2 F
3 G
4 H
Card Content by Card Type All numerical input data for

routine FSC are processed by subroutines VDECOM and DECDCP. 1In
the listings below, all integer quantities are designated Int,
and all floating point quantities (e.g. ,002 or 2.E-3 or 2.—3)
are designated Dec. The only restrictions on preparation of
these cards are that column 72 must be blank and each entry
must be separated by at least one blank or comma. Readin of
alphanumeric input is accomplished with an "A" format and the
card column designations below must be malntained.

A Card
Entry 1 Int. 1000, card identification
2 Int. Run number (1 to 9999)
3 Int. 4, number of integer entries
following
4 Int. Option number (1 to 4)
5 Int. EXPD, subroutine number (1 or 3)
6 Int. Np, number of inhibitors present
7 Int. MAXM, subroutine switch (O-use,
1-bypass)
8 Int. 1, number of decimal entries
following
9 Dec. O., dummy entry
X Card
Columns
Entry Int. 0000, card identification

Int. 0, dummy entry

Int. 0, dummy entry
13-24 Alphabetic, fuel name
25-36 Alphabetic, date
37-48 Alphabetic, inhibitor name
L49-60 Alphabetic, inhibitor name

~N oW W
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A maximum of ten Inhlbitor names may be entered. These names -
must follow sequentially on the data cards and must occupy
twelve columns per name.,
must contain the three integer entries listed above. Thus,
if No were U4, the fuel name, data and three inhibitor names
would go on the first X card while the fourth name would
appear in Columns 13 to 25 of the second X card.

B Card

Entry 1
2
3
N
5
6
7
8
9

10
11
12

13
14

15
16

Int.
Int,.
Int.

Int.
Int,
Int,
Int.
Int.
Int.
Int,
Int.
Dec.

Dec.

Dec.

Dec.
Dec.

Columns 1 to 12 on each card, however,

2000, card identification

Run number

7, number of integer entries
following

Option number (1 to 3)

Fuel class number so to 99g

Fuel group number (0 to 99

Fuel member number (0 to 99)

Data source number (1 to 9999)

Experimental conditilon number
(1 to 9999)

N4, number of contributors listed
on following B cards (1 to 100)

5, number of decimal entries
following

Flame speed at stoichiometric
conditions (cm/sec)*

Maximum flame speed (cm/sec)*

Fuel concentration at stoichiometric

conditions (molecules/cc)*
Fuel concentration at maximum flame
speed (molecules/cc)*
Equivalence ratio at maximum flame
Speed*

*Enter 0.0 when these values are not known (i.e., for options

1 and 2)
B Card Continuation

Entry 1

2

3

4 to No+3
N2+4

No+5 to
2No+5

Int.
Int,
Int.

Int.
Int.

Dec.

2001, card ildentification

Run number

No, number of Iinteger entriles
following (Np 2.10)

Contributor code numbers

No, number of decimal entries
following

Contributor count
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If more than ten contributors are present, additional continua-

tion cards may be used.

For each subsequent continuation card

increase the card ildentification number by one (1).

C Card
Entry

13

WO N0\ MEWNH

Int.
Int.

Int.
Dec.
Dec.

Int.
Int.
Int,

Int.

Int,

Int,
Dec.

Dec.
Dec.
Dec.

Dec.
Dec.

3000, c¢ard ildentification

Run number

2, number of Integer entriles following
Option number (1 or 2)

N2, number of experiments in data

gfoup (EXPDI) or number of experimental
runs (EXPD3)(1.e., number of D cards)

7, number of decimal entries following

Mixture temperature (°C)

Mixture absolute pressure (mm Hg)

Stoichiometric oxygen ratio (atoms
oxygen/molecule fuel)

Mole fraction Op in oxidant

Volume per mole of fuel at given fuel
flow rates (cc/gram—mole%

Maximum allowable standard deviation
in u vs. & curve for addition to
tape (assumed 1.0 em/sec if 0.0
entered)

Actual distance between teeth tips
seen on schlieren photograph cm)
(assumed to be 0.2 cm if 0.0
entered)

LO0O, card identification

Run number

2, number of integer entriles following

l, option number

Ny, number of dlameter measurements
listed on continuation card (1 to.100)

6, number of decimal entries following

Fuel flow at mole volume of entry 11
on C card

Oxidant flow at STP (cc/sec)

Mole fraction of inhibitor in final
mixture

Measured peak height (arbitrary units)

Reference length ?cm)

Reference length (arbitrary units)
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D Card Continuation

Entry 1 Int. 4001, card identification
2 Int . * Run number
3 Int. N5, number of integer entries
followlng

L4 to N5 + 3 Int, *%* Station height of diameter measure-
ment (1 = cone base)
N5 + 5 to 2Ng + 5 Cone diameter (arbitrary units)

*For data processing by subroutine EXPD1l, the run number on
each D card must be the same as that on the A, B and C
cards. For processing by routine EXPD3, the run number is
to be incremented by one for each subsequent D card.

*¥The station heights correspond to the "teeth locations
referred to iIn the C card description. The distance
between twenty reference teeth was accurately known. As
all flame speed measurements were made on a microfilm
reader, it was found to be more accurate and more convenient
to measure the flame dlameters and teeth spacing in any
suitable units (say mm) and have the computer rescale the
measurements to the desired units.

E Card
Entry 1 Int, 5000, card identification
2 Int. Run number
3 Int, 1, number of integer entries
followling
4 Int. 2, option number
5 Int. N3, number of flame speed -
equivalence ratio entries
(1 - 10)
E Card Continuation
Entry 1 Int. 5001, card identification
2 Int. Run number
3 Int. 1, number of Iinteger entries
following
4 Int. 0, dummy entry
5 Int.* N4, number of flame speed

equivalence ratio entries
6 to 6 + N3 Dec.

*¥N, 18 entry 5 on the C card and must not have a value
eXceeding 10.
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F Card

Entry Int,
Int.
Int.
Int.

Int,
Int.
Int.
Int,

Int.
Dec.

OWw W ~N O WP+

]

G Card
Entry Int.
Int.
Int.
Int.
Int.

Int.
Dec.

~NO0N MW

G Card Continuation

Entry 1 Int.
2 Int,
3 Int.*

4 to Ng+3 1Int.
Ng + Int.
Ng+5 tg u+2N9 Dec.

*If Ng>l0 additional continuation cards will be required. The
card ldentiflcation number must be incremented by one on each

continuation card.

6000, card identification

Run number

5, number of integer entries following
4, option number

Ng, number of G-card grouplngs to follow
(0 to 20)(contributor count changes)
N-, number of entry pairs on H-card

(3 to 50)(contributor name changes)

7, for initial tape makeup, otherwlse
zZero

0, for other than last data card set;
l, for last set

1, number of decimal entries to follow

0. ; dummy entry

7000, card ldentification

Run number

2, number of integer entries following
Data group serial number

Ng, number of entry pairs in contributor
count change list (O to 90)

1, number of decimal entries following
O0.,dummy entry

7001, card identification

Run number

Ng, number of integer entries following
(0 to 10)

Contributor number

Ng, number of decimal entriles following
Contributor count
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H Card

Columns 1 to 4 0000
6 0
- 8 0
13 - 16 contributor number
25 - 28 contributor number
61 - 64 contributor number
* {19 - 24 alphabetic contributor name
31 - 36 alphabetic contributor name
L§7 : 72 alphabetic contributor name

*¥There are to be five entry pairs per H card. If N, from .the
F card is greater than 5, continue the listing on agditional
cards at flve palrs per card.

Fortran Routine The Fortran II program is listed in
Appendix A with sample printouts. Duplicate decks of this
program are available,

FLAME SPEED REGRESSION

The number and type of cards comprising the data deck will
depend upon the number of tests and changes wanted. To facili-
tate the deck makeup, each specific data card has been given an
alphabetic code letter from I through U. Card types I, J, K,
and T in the deck are mandatory with the K-type card containing
control integers governing the number and type of all but one
of the remaining cards,

Card Order Card e

1

2

3
Next, unless Np
Next, unless N3
Next, unless Nh
Next, unless N5
Next, unless N6

e nan
loYoYoYoXo]
OB OM
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Card Order Card Type
Next, unless N
)5*

Next, unless Ng
*N; pairs of these cards may be used (Nléilo). The T card

Next, unless N9
Next
contains N;5 and hence governs the use of the U type card.

Q
R
S
T
Next, unless N10 U

It nn
o OO0

Card Content by Card Type With exception of the I, J; R and
U type cards, all input data to routine FSR are integers. A
fixed format 1s used to accomplish this with four spaces allotted
to each entry (18IL4). The type U cards are decomposed in sub-
routines VDECOM and DECDCP with the same limitations as described
for routine FSC. When card column designations are given, they
must be adhered to.

I Card - Subtitle Information for Routine FSR Printout

Column 1 Alpha Blank
2-72 Alpha Subtitle

J Card - Title for Regression Program Printout

Column = 1 Alpha One (1)
Column 2-72 Alpha Title

K Card - Routine FSR Control Card

Entry 1 Int, Regression run number (1 to‘9999)
2 Int. N, , number of dependent variable
choices in this run
3 Int. N5, number of entries in input 1list
(E card) of unacceptable data group

serial numbers (0 to 300)
4 Int. N3z, number of entries in input list
(ﬁ card) of acceptable fuel class
numbers () to 13
5 Int. Ny, number of entries in input list
: (N card) of acceptable fuel class
group numbers (O to 40
6 Int. N5, number of entries in input list
card) of unacceptable fuel class-
group-member numbers (O to 80)
7 Int. Acceptable data source number (0 to
999, O means all sources acceptable).
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I=

=

e

1©

Entry
1
1
1
1
1

Card

Entry 1 to

Card

Entry 1 to

Card

Entry 1 to

Card

Entry 1 to

8 Int.

° Int.
o} Int.
1 Int.
2 Int.
3 Int.
4 Int.
N2 Int.
N3 Int.
: 2N}-|» Int.

3N5 Int.

Acceptable experimental conditions
number (O to 999, O means all
conditions acceptable)

Ng¢, number of entry palrs in input
1§st (P card) of contributor count
tests (0 to 200)

N-~, number of entries 1in input list
(5 card) of conditional count test
criteria (0 to 6)

Ng, one 1f overriding decimal re-
gression control data (R card) to be
read; otherwilse zero

Ng, number of entry pairs in input
1?st (S card) of overriding integer
regression control data (0 to 7)
Highest contributor number in use
(1 to 200, higher ones ignored)

1, for the last run, otherwise zero

Unacceptable data group serial numbers
(N, £ 300)

Acceptable fuel class numbers (N32320)

Acceptable fuel class-group humbers
(Ny Z L0) paired.

Unaccegtable fuel class-group-members

Card (see "Contributor Count Tests")

Entry 1,3 2Ng-1 Int.
L 2Ng  Int.

s

Card
Entry 1 to

N7 Int.

(NSZ 0) in trios.
Contributor number Ng pairs
Contributor count test (NgZ.200)

Conditional count test criterila,
First entry goes with test 4, second
with 5, ete. (Ny £ 6)




R Card (see "Regression Control Data")

Columns 1 to 10 Dec,
11 to 20 Dec.
21 to 30 Dec,.

|ta

Entry 1,3 2Ng-1 Int.
2,4 2Ng  Int.

T Card
Entry ~ 1 Int.
2 Int.
3 Int.
U Card
Entry 1 Int.
2 Int.
3 Int.*

4 to 3+Ny 4 Int.
Nl 1 +4 Int.

N, +5 to lt+2Nll Dec. .

Tolerance

F value for entering variable

F value for removing variable

Card (see "Regression Control Data")

Integer regression control 1tem
number N
Overriding integer regression 1]
control data

7

.Dependent variable numerator

identification number (1 to 6
Dependent varlable denominator
identification number (1 to 6)

N.o, numver of entry pairs in input
1194 (U card) of prespecified re-
gression coefficients for this
problem (O to 50)

1, card number

Run number

Ni1, number of integer and decimal
pa%rs to follow

Contributor number

N1
Prespecified coefficient

*If Nijg> 10 additional U type cards will be required until
all of the contributor numbers and coefficients are entered.
The card number must be incremented by one for each additional

card.

Fortran Routine

1s listed in Appendix B.

avallable.

The Fortran II program for routine FSR

Duplicate decks of this program are

MASTER DATA DECK LOADING AND MODIFICATION

Routine FSRTL

The only data cards required by the

routine are those of the master data deck 1tself. The card
image of this deck will be read onto logical tape 6 which
will then be given an end of file and rewound.
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Routine FSRDM If 1t is deslred to update the master
data deck, routine FSRDM will cause any or all of the data
groups on the master tape to be punched. The master tape must
be logical tape 6. All control data for the routine are integers
and a fixed format 1s used which provides a six-column field
width (1216),

First control card for Routine FSRDM

Int. Number of data groups in the master
data card deck

Int. Nl, number of data groups which have
been altered since last deck makeup

Entry 1
2
3 Int. Punch contributor name 1list?
L

(1-yes, 2-no)
Int. Punch dependent variable name 1list?
(1-yes, 2-no)

If none of the data groups have been modified, N; = O and the
routine will punch only those data groups added since the 1last
makeup. If Ny x O an additional control card is required.

Second control card for Routine FSRDM

Ehtry‘l to N; Int. Serial number of data groups that
have been modified since last deck
makeup.

The Fortran II programs for routines FSRTL énd FSRDM are listed
in Appendix C. Duplicate decks of these.programs-are available.
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VII. NOMENCLATURE

Power series fitted coefficilent

Area of flame schlleren cone, cm
Regression coefficient -3

Number concentration, cm

Diameter of flame schlieren cone, c¢m
Dependent variable scaling exponent
Height above burner port, cm
Contributor count, no./molecule

A number ‘
Absolute pressure, mm Hg

Volumetric flow rate, cm3/sec.
Residual sum of squared differences
Atoms of oxygen per molecule of fuel
Maximum value of r subscript
Standard deviation

Temperature, °C

Flame speed, cm/gec.

‘Molar volume, cm>/g-mole

Molar flow rate, g-moles/sec.
Independent variable

Dependent varilable

Adjusted and scaled dependent variable
Mole fraction

Increment prefix

3.14159 -~

Equivalence ratio

Subscripts

£
1
J
m
min

=]
o
»

Necunwuwl30Qool
ot
o
o)

Of fuel

Data group index, block regression
Contributor index (or number

Of combustible mixture

At minimum of cuble fitting equation
At maximum flame speed

Helght index

Of oxygen, or zero index

At peak of flame cone

Dummy r index

Term index, u-@ curve

Specified (or prespecified)
Stoichiometric

Unspecified (to be calculated by regression)

In oxidant
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Superscripts

A
*
t

Calculated from a fitted equation
At STP (0°C, 760 mm Hg abs.)
AdJusted

First derivative

Second derivative

AR e o T I e s
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APPENDIX A

Fortran Program and Sample Printouts
for Routine FSC
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ROUTINE ~FSEX

—————__FLANE SPEED CALCULATION EXECUTIVE PROGRAN
DR .
gncx 2018 FEA 20 ,1962 n,*an! SPEED CALCULATIONS 1
o - T O O M R
c EXECUTIVE ROUT FLAME SPEED CALCULATIONS  MRC - DAYTON FSCX 3
-G . - FSCX 4
3 NOMENCLATURE ESCX L]
£ — . PSCX_____6
4 ALLL) AND A2(1) = FUEL NAME FSCX 7
G BLKL = NUMBEX OF STRUCTURAL CONTRIGUTORS PER MOLEQUAE __ _  FSCx .8
g cnx = FUEL CONCENTRATION n MAXINUM FLANE VELOCITY £SCX 9
— AMOLECULES / CC FSCx___ 10,
[4 CSTOC ~ FUEL CONCENTRATION AT STOICHIOWETRIC FSCX 1
< B LONDITIONS __(MOLECULES /_CC..) —
4 DU AND TE ° = FIRST AND SECOMD nn.vts OF DATE
Coeee Ve Ko ANDN____= COUNTING INTEGERS.. . ... ...
[ 1At ~ FUEL CLASS NUMBER
(- S UTRN] = EUEL_GROUP. _ NUMBER
3 nc = FUEL MEMBER NUWBER
4 1211 - DATA_SOURLS
[4 1301 = EXPERIMENTAL CONDITIONS NUMBER
4 1410 = _NUMBER_OF STRUCTURAL CONTRIBUTORS CONSIOERED |
[ 1A00 ) < NUMBER OF DATA GROUPS ACCEPTABLE FOR WRITING FSCX 21
(4 JCANT D_JJ.QU..QON.TRDLJNTiGEuﬂE& FSCx___ 22
C [ = OPTION CONTROL INTE FSCX 23
[4 1EXPD . =_EXPD _ SUDROUTINE SEI.ECJION_J.NIEG.EL______ FSCX__. 24
[3 INHIBLIJ, 1) AND ’ FSCX 25
o mnwuu_u___mmmmu NAMES . . FSCX _ 26
[4 - NUMBER OF EXPERTMENTS FSCX 27
J._.._-lu LONTRIBUTOR CODE NUMBER  FSCX 28,
3 - slr.mu. INTEGER FOR ACCEPTABLE DATA FSCX 29
. = MBER OF DATA GROUR FSCX .. 30
4 < RUN NUMBER CHECK FSCX 3
[ —.=EQUIVALENCE RA1I0S . FSCX . 32
4 < NUMBLR DF [NHIBITORS USED FSCX 33
< = _ATONS DF OXYGEN.TQ_COMPLELELY OXIDIZE ONE = = . FSCX___ 34
C MOLECULE DF FUEL FS$CX 35
C. . unx e _EQUIVALENCE RATIO AV MAXIMUM_ELAME_VELOCLTY. ... FSCX 36
[ ~ ABSOLUTE PRESSURE OF GAS MIXTURE (MH. MERCURY) FSCX 37
c . -.__Jms = MAXIMUM ALLOWABLE STANDARD. QEVIATION QF._U VS ___ . FSCX __ 38
[4 0 CURVE FOR ADDITION TO TAPE FSCX 39
< O__AMD_OLN) = EQUIVALENCE RATIQ FSCX____40
[ U AND UIN) ~ FLAME SPEED (CN./SEC) FSCX (3
C. o TEETH = ACTUAL DISTANCE BETWEEN JEETM T1PS SEEN ON .. FSCx ___42
[ SCHLIEREN PHOTOGRAPH  {CM.) FSCX &3
¢ = MIXTURE. TEMPERATURE  _ (DEG. C) FSCX . 44
[ ~ MAXIMUM FLAME SPEED (CM./SEC) FSCX 45
K3 = FLAME ! secin_u STOICHIOMEIRIC CONDAYIONS . FSCX.___ 46,
c (CM./SEC FSCX 134
c ——=_VOLUME PER "OI.E OF FUEL. . (CCo/GRAM=MOLE) __ __ _FSCX . 48
c ~ VOLUME PER MOLE OF MIXTURE (CCo/GRAM-MOLE) FSCX «9
c YOX = MOLE FRACTION OXYGEN IN.OXIOANL ___.____ . FSCX 50
c FSCX 51
C. FSCX .. .52
COMMON INT, DEC, IC, J1l, 42, J3, NIN, NEX FSCX 53
OIMENSION . INT{10}, DEC(10) —_— FSCX 54
DIMENSION  A1{20),A2(20),81(100,20),0A16+20),T1A0207,1181200, FSCX 55
Ao ¢13120),140200,410100,20),0¢100),4430) __ __ "FSCx 56
{1821 104201 FSCX 57
. A . ESCX . 58
20 1400 * © E FSCX 59
30 CALL INPYT _ . ... e e e FSCX 6¢
NEX = NEX “FSCX 61
60_TQt 31, 521, 7Q), 300, 901, 300, 300, u p NEX FSCX 62
ESCX 63
G . A_CARD_ASSIGNMENTS. R FSCX | 66
ESCX &S
BUNRUN ® OLL . . o o e e e e . FSCX 66
1CTL = INT(D) / . FSCX 61
LEXPD » (NT(2) : FSCx____ 68
NUMINH = INT{3) FSCX 69
MAXON = INT(4) FSCX . T0
If (NRUN) 32,210,322 FSCX n
32_1FINUMINH)_ 320,320,433 FSCx_ 12
320 NUMINK »1' A . § FSCX 13
[ SR FSCX T4
3 OPTION SELECVION FSCX 75
_____ . . FSCX ___ 76
33 1F LICTL ~ &) 40,150,30 i : rsex 77
80 JF _LICHI ) L6 3u,by : LoLtsCx 78
TTT50 1 = JADD ¢ 1 £5CX 79
[4 _FSCx 80_
C X CARD READING FSCx m
FSCX 82
sz 7 READ INPUT TAPE 2, 1002 FSCX 83
. e ALUTDLA2010,DU, TF CIMEINTE, 90, INHIB2ES Pdedaly _ . FSCX B84
munlum : FSCX 85
. 60_1C 30 FSCX 86
T FSCX 87
€ ... B CARD ASSIGNMENTS —_— e FSCX a8
c FSCx 89
. ..52). . NUNCON. =_1¢ = 2000 : Fscx 90
1F {NUNCON) 523, S22, 523 FSCX 91
NRUNY & 411 ESCX____ 92
ICANT = INT(1) ESCX ¥3
. JIAGD) = INT(2) : 5 _.FSCX__ 9%
118(1) =« INT(3) ’ - FSCX 95
oo JICULY = INT{4) e FSCX_ 96
12010 = INT(5) FSCX 97
_13(1) = _INT.L6) PSCx 98,
[ ® INTUT) j FSCx 99
00 5220 K = 2,6 I FSCx 100
8220 oux.n « DECIX=1) FSCx 101
G0 Y0 30 e, ... FSCx 102
$23 IF( ununr - J11) 300, 8230, 3060 . rsex 103
5230 umv . lpoJun&m FSCX__ 104
160 » LIMIT FSCX 103
L IFILINGT - KH ﬁ”nJl}. S . . . FSCX 106
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TROUTINE T FSCX

— . _(CONT INUED)

. FLARE SPEED CALCULATION EXECUTIVE PROGRAR
524 LINLT = K) . L i FSCx 107
525 W = 0 FSCXx 108
o zg X = ]G0 LIMIY FSCk 109
1 FSCX T 120
.Il(ll.ll = INT(M)_ s et e e _FSCx 111
7526 811K, 1) = DEC(M) FSCx 112
TFC LIMIT « KUY 300 830 30 . . _FsCx 113
$3 14(0) ¢ K1 FSCx 114
e FSCx___115
[3 PRINTOUT OF INPUT DATA FSCXx L1
. — e .. FSCX 11T
unne oulmr YAPE 3, 1010 FSCx 118
NRUN ¢ DUy e e e . BSCX 1Y
uuu OUTPUT TAE 3, 1011 Fggx 120
HUT_E_INJ_QQJ__MPEJ. 1012 FSCX__ 121
9 ALLT)y A2(1) oUINHIBIGJs1s TNHIGZTdel0sdnls NONTNWI FSC&™ 122
— NRHE_.OU_[’.UI u’e_h_x L £SCx 123
TLAONY, T1B41T, TICTIY, 12iiY, 13(D) FSCX 124
— hRHE ouwur YAPE By 1OAML FSCX 125
2 (DAIKS T (K2, 67 FSCx ~ 126
MRITE OUTPUT VAPE 3, 101& FSCX___127
WRITE OUTPUT TAPE 3, 1015 FSCx 128
.. .9 L0 LMK R DB (K L) eKedgKD), _FSCX 129
c FSCX 130
L. _RUN_NUMBER_CONSISTENCY CHECK FSCx 131
IF (NRUN = NRUNT} 200,55,200 FSCx T 132
[ FSCX__133
3 CONTROL INTEGER CRECK FSCXT 134
e o - - FSCX _ 135
55 IF (ICTL - ICANT) 200,60,200 FSCX 136
. L. FSCX 137
[4 “oPT10N suscnou B FSCX 138
e GO_IE_LICT = 20 70,70.120 . FSCX___139
70 GO 10 30 ) FSCX ™ 140
C . SN - N FSCX . 141
c € CARD ASSIGNMENTS FSCXx 142
[ e FSCX _ 143
701 NRUNT = J11 FSCX  l4d
JCANT = INT(1) FSCx ___145
1PN = INT(2) FSCX 146
_TH = DEC(1) .. FSCX 147
(L) = DEC(2) FSCX 146
v.-e..OFSR = DEC(3) FSCX 149
YOX = DEC(4) . FSCX 150
VHEQ = 06C{5) FSCX___151
STDS = DECLG) " FSCx 152
TEETH » UEC(T) _ .. ESCX 183
74 WRITE OUTPUT TAPE 3,1017 i FSCX 154
WRITE OUTPUT TAPE_ 3. 1019 . FSCX 155
9 + TH,PM,OFSR, YOX, VBFO FSCX 156
o L FSCA__ 157
[ RUN NUMBER CUNSISTENCY CHECK } Fesex ™ 1ss
O — FSLX 159
IF INRUN ~ NRUNT) 200,71,200 N £SCx 160
[4 FSCx 16l
L. CONTROL_INTVEGER CHECK FSCx___ 162
C FSCx 163
TUIF LICTL ~ ICANT)_ 200,785,200 . _ . ESCX 166
75 VM 2 (62366.00(TH & 275,151 7PK FSCX 165
CSTOC = 6,0238E23/(VBMe(],0 ¢ OFSR/{2.00Y0OX))) FSCx 166
4 FSCX 167
€ __ . EXPERIMENTAL DATA PROCESSING FSCx___Led
3 FSCA™ 169
.. .GO TC_(80,90), MCTL _ _ R . ....FSCx _ 170
80 GO TO (82,83,83)s I€EXPO FSCk T 171
82 CALL EXPOLUNRUN,ICTL,OFSR,YOK,VBFO ,VBM, IPN, Oy U KODE, TEEYH . _ ____ FSCx _ 172
1 NHUNT ) ; FSCXx 173
60_TC_ 84 FSCX__ 174
83 CALL EXPDI(NRUN,ICTL,OFSR,YOXsVBFO ,VBM, 1PN, O, Uy KODEs TEETH , FSCX 17S
. 1 NRUNT ) SR FSCX . 176
84 IF (KODE ~3) 81,100, 81 ESCx 7 417
-..90 GO TC 30 - e e L_FSCx 178
C FSCX ™ T 173
.C__.E_CAMMLL ‘ FSCx__ 180
FSCX 181
..901 NUMCCN = 1C - 5000 e e e . .. FSCx _182
LFU NUMCCN ) Y04, 902, 904 . FSca T 183
__902_NRUNT = J1) ESCX | 184
ICANT = INT(1) FSCx 7 185
DQ_903 N v 1, IPN FSCX___L86
Y03 0IN) = DECIN) i FSCx™ 187
_10 30 e e FSCX . la8
904 DO 905 N = 1, 1PN FSCXx T 149
_.905_UIN)} = DECUN} . . . . e .. FSCX 190
[4 FSCxX 19l
L RUN NUMBER CONSISTENCY CHECK FSCA___ 192
C FSCX™ 193
1F (NRUN_= NKUNT) 200,91.200 ___ _ . . oo - FSCX 1we
[ FSCX 195
C _.. CONTROL INTEGER GHECK . .. ESCX _ 196
[3 FSCx 197
2] JE_LICTA = RCANT) 200,100,200 FSCX__ 199
4 FSCx 199
C .. __ DETERMINATION QF MAXIMUM_FLAME SPEED. . . ____ e eee. FSCX 200
c FSCx. 201
100_CALL MAXM um. Oa_Vo OMXe UMK, USTOC, XODE, S$TOQS. IEXPD, MAKON, . FSCx 202
1 N) F$Cx 203
4 ESCX__ 204
[3 TEST FOR SUCCESSFUL DETERMINATION OF MAXIMUN FLAWE SPEED FSCX™ 203
[ . . e e e et e . FSCX 208
IF (KODE - 3) 30,110,30 FSCx 207
[4 o e . e - e e FSCx 208
[ TEST FOR REASON FOR UNSUCCESSFUL DETLHMINATION OF WAX SPEED FSCXx 209
3 FSCx . 21tv
o1 IF (KUGE = 1) 30,200,30 £SCx 211
110 CHX = L.0238623/(VBMe(1,0 ¢ OFSR/(OMXeYOX®2,00)). .. R FSCx 212
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. TROUTINE T FSCX ’ .
- . A - L. .+ .ICONTINUEO)

4 FLANE SPEED CALCULATION EX v
c . _ R N . Esex 213
4 STORAGE OF ACCEPTABLE OATA ~ FSCX 214
G PSCX__ 215
DA(2,1) = USTOC - FSCX™ 216
e DAUBSEY = UMK FSCX 217
DA(4s0) = CSTOC FSCX 218
DA{S,1)_s CMX R FSCx 219
DAl6e1) ® OMX FSCX 220
..1ADD_ =_JADD ¢ ) FSCX__ 221
; A FSCX 222
LG... PRINTOUT OF ACCEPTABLE DATA : . FSCX 223
[ FSCX. T 226
WRITE QUTPUT TAPE 3, 1020 _ . .. . . FSCX 225
WRITE OUTPUT TAPE 3. 1012 : FSCX 226
A200) sCINHIBLCS 1), INHIB2(So L) ey NUMINM) FSCx___227
uuna GUTPUT TAPE 3, 1013 FSCX T 228
LA 1800 0a 1IGEN),_T2000e J3L1Y FSCX . 229
unne “GUTWUT TAPE 3; 10131 T psex” T 230
e 9w tDAIK L) (K=2,6) FSCX __ 231
G0 7036 FSCX 232
FSCX___233
[ TAPE EDITING AND WRITING . FSCX 234
. FSCX___235
CALL TAPE ~ (NRUN,ICTU Al yAZ¢T0A¢118,E1Ce12413+0Ae 14231081, FSCX 236
- 1 .. 1ADD, DU, TE, LAST) FSCX___237
[4 FSCX 234
G TESTY FOR COMPLETION OF TAPE EDITING AND WRITING FSCX 239
[4 FSCX 240
e IFILAST)_151220,15) FSCX _ 2641
151 REWIND 8 FSCX ~ 242
_.210_WRLITE QUTPUT TAPE 3, 1030 FSCX 243
GO TC 20 FSCX™ 244
_;______—.__—____s_s_'z____FscX_zu_
[ ERROR PRINT = RUN NUWBER OR CONTROL INTEGER INCONSISTENCY FSCX 246
.C. _FSCx 247
200 WRITE OUTPUT TAPE 3. 1016 FSCX 2648
_9 s nnuu;uwur_.lc_ul_cmt .. FSCX __ 249
[LR{] _30 FSCX 250
C. FSCX___ 251
C DIAGNOSTIC ~ UNACCEPTABLE CARD ORDER FSCX ™ 252
K4 . . FSCX __ 253
300 WRITE OUTPUT TAPE 3, 3000, 1C, JII FSCX 254
o NIN = 2 . FSCX . 255
60 7030 FSCX 256
(4 FSCX___ 257
[ FORMAT STATEMENTS FSCX ™ 258
[ . . FSCX _ 259
1002 FURMAT { 12X, 10A& ) FSCX ~ 260
1010 FORMAT e .. FSCx 261
9 (1K1, 9THMONSANTO RESEARCH CORPORATION FLAWME SPEED CALCULATI FSCX 262
___JON__=__ ROULINE 2018 _ MOOIEICATION | 'RUN 14 o6 DATE 24 —.FSCx _ 263
TT011 FORMAT FSCx 264
9 ( 1HO, _25X, 10HINPUT _DATA } _ [, s FSCX 265
1012 FORMAT - ; N .. FSCX 266
9 ( 1HOs 30X, 9HFUEL NANE ~, 35X, 1SHINHIBITORS USED /7 FSCX 267
1_._AMOy 30Xs 286, 32X:2A6_/(1HOs TéXe 286)) : FSCx__ 268
1013 FORMAT FSCX ™ 269
e, @ (1HO, 20X, _ xauruu_g_;s NUMBER. 3%, 164 _L1X_y FSCX 270
1 BHFUEL GROUP NUMBER 3X, 16: ALK, FSCX 271
. 2 lBNF EL_MEMBER NUMBER _3X, 16, _/ FSCX _ 272
3 lHOo IOX. lBNDATA SOURCE NUMBER 3X, 6y X, FSCX 273
MEXPER]MENTAL CONDITIONS_NUMBER IXe16 ) FSCX__274
10131 FORMAT FSCX 275
——— 9 (1HO,_10X,_ SZHFLAME VELOCITY AT STOICHIOMETRIC C CONCENTRATION RATI  FSCXx __ 276
10 »  3Xe F9.4s 9Xy THCM./SEC 7 FSCX 277

2 1HO, 10X, 22HMAXIMUM FLAME VELOCITY , 33Xe F9.4,9XsTHCM./SEC /.
3 1HO, 10X, 4THFUEL CONCENTRATION AT STOICHIOMETRIC CONDITIONS
& 10Xy El3s6s IXa  LIMMOLECULES/CC. /.
5 THO, TOXs 52AFUEL CONCENTRATION AT CONDITIONS OF MAXIMUM VELOCIT
5XyE1306,_ 3%y LIHNOLECULES/CC. ./ o _
1 "[¥i0; 10X» SONEGUIVALENCE RATIO AT numuu FUAME SPEED 16X,F9.8 )
1014 FORMAT _
9 U 110y 16X, TTHSPECIES couvmsuton CODE NUMBER
INUN RS PE

—_— F
lols FORMAT
9 L 1H ¢ 27X N6o. 49X FB3 D .
1016 FORMAT
L. lHO,__l#x._LO_ﬁDAI QUT_OF ORDER =~ RUN NUMBER _ 1[4,
14X 20HNTSPLACED RUN' NUMBER 14y

14,
NE 22%, 21HCONTROL INTEGER CHECK 14)
1017 FORMAY .. ... F
9 (1HL, 25K, L7HEXPERINEN
_1019_FORMAT___ . e .
% (1HO, 16X, 19HMIXTURE TEWPERATURE 13X, Fé.1, 3X, THOEG. C. FSCX 297
—_14%, LGHMIXFURE PRESSURE _ _ AXe Fbals 3Xs L1A4MN, MERCURY /__ __ FSCXx___298
2 1HO, 16Xe SSHATOMS OF OXYGEN TC COMPLETELY OXIDIZE ONE MOLECULE FSCX 299
- 30F FUEL _4X,F6.2 / FSCX. 300
% LHO, 16X, 31RMOLE FRACTION OXYGEN IN OXIDANT 3K, F1.4 FSCX ™ 301
5 1HOy 16Xy 23HVOLUME_PER MOLE OF FUEL 3X, wexz,hs;.unu«,rn_cu___w FSCX __ 302
T 6M-MOLE ¥ FSCX 303
—A020 _EOQRMAT. FSCA___ 304
9 | LHL, 25K, 15SHDATA ACCEPTASLE ) FSCX™ 305
1030 FORMAT 1 1M1, 10X, 23MCOMPUTATIONS COMPLETEO - e - FSCX 3006
3000 ronnni LHOs 25Xs ~4LMOATA CARD ORDER INCORRECT ~ CARD NUMBVER FSCx 307
T4y 5%y  12HRUN _NUMBER 15 ) e s e . FSCX 308
:uo FSCX 309
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SUBROUTINE ExPO1

CXPOL EXPOL SUBROUTINE MOD O MARCH I, 1982 MAC-DAYTON" . EXe0l 1
3 . e Y. ExeD1 2
[ NOMENCLATURE EXPOL 3
S . e EXPDl__ 4
C AR = CUNULATIVE CONE AREA #2/81 g ExPO1 5
[ AIN) ___ . VAL _CONE AREA (SQUARE CNM, ). _EXPOL 6
3 DIK) ONE DIAMETER AT ABOVE ELEVATION (CM.) EXPD1 7
[ DACK) __ .. . _ _...= MEASURED DIAMETER AT ABOVE ELEVATION _ _.EXPDL []
g DELS INCREMENT SLANT HEIGHT (CW.) s EXPDL 9
[ ELA = _REFERENCE LENGTH MEASURED IN OF_DA(X]. EXPOL___ 10
4 ELCM — REFERENCE LENGYH MEASURED IN Eu. €XPOL- 11
Co... FMLIND_ - WOLE FRACYION OF INWIBITOR IN MIXTURE _ _ ___ . €XPO1 12
[4 HIK) ~ ELEVATION ABOVE BURNER TOP {CM.) £XPOL. 13
c WPKA = MEASURED PEAK HEIGHT .. ... kxe0l 14
[4 1CANT ~ DPTION CONTROL. INTEGER CHECK EXPOL 15
[4 IH(K) = MEASURED ELEVATION ABOVE BURNER TOP EXPOL 16
C 1PK < TOTAL NUMBER CONE MEASUREME EXPDL 17
[ 1PN - OF EXPERIMENTS e o EXPDL 1B
c LT - = NUMBER OF DIAMEVER MEASUREMENTS PER RUN EXPOL. 19
c KODE = SIGNAL INTEGER FOR ACCEPTABLE DATA EXPDL _ 20
C NRUN ~TRUN NUMBER OF DATA GROUP EXPDL 21
[ NRUNT - _RUN_NUMBER CHECK EXPDL 22_
C 0 AND O(N} = EQUIVALENCE RATI0 EXPO1 23
C__._._OFSR ___ __.____ - ATOMS OF OXYGEN TO COMPLETELY OXIDI2E ONE LEXPOL 24
c MOLECULE OF FUEL EXPOL 25
[4 QFO(N) =_FUEL FLOW {CC./SEC, AT_VBFO MOLAI t ml%ﬂ _EXPDL _ 26
C UMIN) < VOLUME FLOW OF MIXTURE (CC./SEC AT ACTUAL R EXPDL 27
[ JEMPERATYRE AND PRESS| EXPUL 28
3 GXOIN) = OXIDANT FLOW (CC./SEC AT 0 DEG. T, 760 WA. EXPOL zq
[4 SF. = SCALE FACTOR (CM./UNITS OF DA(K)) .t _ _.ExXPD1
[4 TEETH Z ACTUAL DISTANCE BETWEEN TEETH TIPS SEEN nu EXPOL 31
[ __SCHLIEREN PHOTOGRAPH _ (CMs) _ __ _ EXPDL 32
c U AND UIN) — FLAME SPEED (CM./SEC) R . EXPD1 33
[4 = PER_MOLE OF FUEL EXPDL___ 34,
c ~ VOLUME PER MOLE OF FHIXTURE (CC./7GRAM=NOLE) €xPDLT 35"
c. = _FUEL, FLOW (GRAM-MOLES/SECL) ... —— EXPODL _ 36
c OXIDANT FLOW (GRAM-MOLES/SEC.) EXPDL 37
C. - MOLE_FRACTION OXYGEN IN_OX1DENT__ R EXPOL 38
c EXPDL 39
WVBFﬂdlw'&mmt!Pbl
L NRUNT EXPDL n
J— - L] l'tl_- DEC.._LC.-,,!IL-_.J};_J!. NINg NEX . . EXPDl _ 42
DIMENSION INT{10), DEC(10 EXPD1 43
- _DIMENSION Auoo.u_uuoou_uuoon H{100), 1MI100), EMILAD) ~ EXPDL 44
1 70015) 4 QFO(15) 4 QMI1S), QXO(15), U(L5) EXPOL 45
um_rj_p_urvu! TAPE 3, 1010 EXPD}, “6,
EXPOL 1
xoo: =3 —- . EXPDL . 48
DU 100 Nsl, 1PN EXPO} 49
10 CALL INPUT e e . . EXPD1 50
NEX = NEX EXPLL 5L
— IFI_NEX = _4)_200, Ll. 200 . : EXPDL ___ 52
11 NUMCON = IC ~ 4000 . EXPD1 $3
. TF(_NUMCON ) 13, 2y 83 . _ .. __ .. M A} EXFOL s4
c v EXPD1 [1]
c _D_CARD_ASS IGNMENTS EXPO1 56
€ 3 EXPOL 57
12_NRUNT = J13 EXPOL___58_
TCANY = INT(1} EXPO1L 59
o ARK = INT2} EXPOL____ 60
OFO(NJ = DECI1) K B EXPOL 61
QX0(N) = DEC(2) EXPD 62
L(N) = DECI3) K EXPOL 63
= DEC(4) EXPO1 64
OEC(5) ] EXPDI 5
... DECL6) EXPDL___ 66
GO TO 10 EXPOL 67
£4 N - EXPDL 68,
1641 LIMIT = 108 uuucou EXPDL 69
160 = LEMLY EXPOL___ 70
1FLCINTT - TRK ) 142, 142, 140 K ” EXPD1 71
— A0 _LIMIT = 1RK ;. €xXPDL T2,
142 4 = © EXPDL 73
00 143 K = 1G0, LIMIY EXPDY, T4_
M= M e} EXPD1 15
IHIK) = INT(M} EXPDL T6
143 OALK) = DEC{M) EXPO1 77
I LIMIT_= JRK_)_10, 1465 10 : EXPOL___ 78
184 IF(TEETH) L4, 15014 o EXPOL 79
_TEETH_ =02 EXPO)____HO_
14 SF = ELCM /ELA EXPOL 81
e - JIPK = IRK &1 EXPOL 82
B EXPDL 83
C_.__,._ TEST FOR .NOKE_[HAM_MLHIHDREL!EASHEBEN“ EXPOL _. 84
EXPOL ']
PK=100119219230 EXPOL 86
19 00 20 K= 1 4 IRK EXPD) 87
. .HIK), = TEETH. eFLOATELIHIK}=1) EXPDL 88
20 OIK) = DA(K)*SF EXPDL 1]
R EXPOL__. 90
CALCULATION OF PEAK HEIGHT IN CM. €XPO1 N
L EXPOL 92
HUIPK) = HPKA & SF £xP01 93
e e DUIPKY = 0,0 EXPDL __ 94
JPKL = 1 . EXPDL 95
[ - - . EXPOL 9%
[ PRINTOUT OF FLAME FRONT OTMENSIONS €xP01 97
¢ EXPDL "
3 TEST FOR MOKE THAN TEN MEASUREMENTS ExPOL 9
c. . et —r e ' EXPDY . 100
IFLIPK=10) 24,24,21 €xPOL 101
2100 23 JPKReLOWIPKY RO . . e : . EXPOL 102
lFu—un:o;za.zn :::g: ::2
31 WRITE _GUTPYT_ -
—2. L-é EXPOL 109
c. .... EXPD1 108
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" SUBROUTINE EXPO1
- e e e e PR UU———— {14 (T 1.} R —-

EXPERINENTAL FUANE SPEED DATA umliiﬁ_

c. . PRINYOUT FOR GROUPS._OF TEN_ MEASUREMENTS 2 Exe0l _ 107
EXPOL 108

JOJ&U.E.WJ&L.IAM&____.\_‘ €xP01___ 109
N s (INTK) K® JPKLy JPK ) ExeD1 110

"Wt ouiouu.;u.m;; EXPOL__ 111

9 DALKY K JPKL 4 JPK ) EXPOL” 112
—— ,uul,rs,_uu"u_v__rm 3, 1014y JExeDl __113
9 (HIK) ks JPKY 4 JPK ) EXPOL  Ll14

e _MRIYE QUTPUY TAPE 3, 1013, EXPOL___ 115
9 (LK) K= JPKL o JPK ) EXPOL™ 116
EXPOL __117

EXPD1 118

e EXPDL__ 119

EXPDL™ 120

__zgl__w_«.ng oyTPYT u g 3, 1020 S ExXpDL 121
EXPDL 122

[ A . ExPOL___123
c PRINTOUT FOR LESS THAN TEN MEASUREMENTS EXPOL™ 124
EXPDL___ 125

25 WRITE OUTPUT upe 3 lom. EXPDL 126

3 Ke JPKis JAK ) EXPDL___ 127
WRITE OUTPUT l’APE 3y 101 EXPDL 126

-9 MKhJ&-_J'KL.; ARK ) EXPOY __ 129
WRITE OUTPUY TAPE 3, 1014, EXPOLl 130

‘9 (HIK) oK= JPKL o IPK _ ) £XPOL___131
WRITE OUTPUT uvs 3. 1015, EXPOL 132

9 aK= JPKL: o LPK ) EXPDL__ 133
WRITE OUTPUT YAFE a. 10151, EXPDL 134

9_ SE : EXPOL __ 135
L=L e+t BN EXPDLl 136
- : EXPOL___ 137
C RUN NUMBER CONSISTENCY CHECK . EXPDY 134
c EXPDI____129,
1F (NRUN — NRUNT) 30,31,30 j j EXPOL 140

.~30. .KODE. = 1 _._ EXPDL __ 14l
[RUNT = NRUNT i EXPO) 142
e G0 TO_100 . EXPDL _ . 143
3 ] EXPDL 144
Lo COANTROL INTEGER CHECK EXPO1 145
c EXPOL 146
-3l IF LICTA = JCANT) 30.38,30 - EXPDL . _ 147
[4 EXPDL 148
C....CALCULATION_OF OXIDANT AND FUEL FLOM EXKOL . 149
3 EXPOL 150
35 __WX_= QXQINI/Z22414.0 EXPOY____ 151,
WF = QFO(N)/VBFO EXPOL 152

QMIND = (WF ¢ WXL 8 VAM_/(L.0._= EMLLNLL EXPDL __ 153

EXPOL 154

[4 CALCULATION OF EQUIVALENCE_RATLA. ‘ .. EXPOLl 155
c EXPOLl 156
e QUMY % _WFSOFSR/(2,08HXOYOX) EXPDL __ 157
1AK «1PK-1 EXPDl |58

L - . . EXPDl. 159
C . CALCULATION OF CONE AREA .. . . .. _____ ! EXPOL 160
c } EXPDL " 161
AR = 0,0 EXPDL___162

N0 40 K=l, IRK EXepl 163
_D.El.s = SQRIF(SHIKS)) ~ H{K))we2 ¢ ((D(K) = D(KeL}}/2.,0)002) EXPDL___ 164

0 « AR ¢ (D(K) ¢+ DIK+1))eDELS K EXPOL 165
__-..um. 2 1.5T0T969AR EXPDL____16b6
EXPOL 167

G CALCULATION OF FLAME SPEED EXPOL__ 168
.C EXPDL 169
UIN)_= QM{N}ZA(N) . EXPDl___ 170

100 CUNTINUE EXPOL™  1T1
ameee JFULOIPN_-56) 1012100102 EXPOL_ 1T2
£02 WRITE QUTPUT TAPE 3, 1018 . EXPDL 173
() EXPOL___ Y76

. EXPDL 175

_G_P;U.NJQULDLELAHE_SZEEE_ EXPDL__ 176
3 3 EXPOL 177
__XO1_WRJITE_OUTPUT TAPE 3, 1016 EXPO1___ 178
00 110 N=1,iPN ; EXPOL™ 179

= IR EXPODL

EXPDL 183

4 EXPOL___ 184
[ DIAGNOSTIC ~ UNACCEPTABLE CARD ORDER EXPDL  18%
< EXPD)___ 186
200 NEX = 2 ExpOl 187
L WRLYE_QUIPUT YAPE 3, 3000, IC. JIi EXPOL__ 188
KODE = 1 EXPDI 189

e G0 T0_12Q EXPDL __ 190
3 EXPOL 191
L__EGMAL.S.HJ.EAENTS €XPOL___ 192,
EXPDL 193

1olo _FORMAT . EXPOL__ 194
9 {1HO. 10X, Z2HFLAME FRONT OIMENSIONS 7 IHO, &R SET. ) EXPOL 195
10121_FORMAT, €XPOY ___ 196
9 (1M0, 14, 2X, LI9HSTATION (NEASURED) ,4X, 1019 ) EXPDL 197
—1013_FORMAT : €XPOL___190_
9 (1H 6X, 19HOIAMETER (MEASURED), 4X, 10F 9.3 ) EXPDL 199

.. 1024_FORMAT EXPOL __ 200
9 (1M o 6Xy L4RHEIGHT  (CM.} 9%y 10F 9.5 ) EXPOL  20%
J1015_FURMAT. ExPOL __ 202
9 (IH 4 X, 1AHDIAMETER (CN.) 9%, 10F 9.5 ) . B EXPO1 ~ 203
_noj,sLy,xouAr EXPOL___204
1H 5 6%, 12HSCALE FACTOR 3X, F 10,5 } . £XPDL 205

Lou romm - — e e m e e e . EXPDL | 206
9 (1MU, &M SET, TX, 9MFUEL FLOW o &X, 12HOXIDANY FLOW ¢ 3Xs EXPOL 207

1 13HMOLE FRACTION o 5X, 11HVOLUME FLOW o 7Xy OHCOME AREA . . . EXPD1 208

2 5%, LIHFLAME SPEED , 35X, nnswwu!mt ’ EXPDL 209
U I U S T VS mlcc;/;ﬁc).._m_mu;. SECL o 6XKs PUINWINLION o . EXPDL __210
4 X, 9M(CC./SEC), BX, ONHISO, CM.) o &X, SHICM./SEC) , - CxeoL 211

S 49X o SHRATID ). . - e - . ExPDl 212

4o
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" SUBROUVINE EXPOL

. R —— 14 T
ST UXPERIRENTAL FLANE SPEED DATA REDUCTION
1017 FORMAT . A [, R 17
9 (1R o 14y 6X,F10.8,6X,F10,5,6X,F10.5,6XsF10.5,6KF10.5,6X,F10.5¢ exPD1
IO Wy 1,11 9 TS 1) EXPDL
T018 FORMAT : EXPOL
'RECIY R — EXPOL .

T1620 FORMAT T EXPOL
9 (1K1, 10X, _22HPLAME FRONY DIMENSIONS /100 o & RUN ) e _EXPOL

"3500- FORMATL 1HO, 25K, ATHOATA CARD OROER TNCORRECT — CARD WUNBER “TExe01
e b {80 S L2HRUN NUMBER 15 ). €XPOL___
() EXPOL
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"7 sUBROUTINE EXPO3

———e—EXPERINENTAL FLAME SPEED DATA REQUCTION
CEXPDI  EXPDI SUBROUTINE MOD1 SEPT 8, 1962 MRC DAYTON M '— ExP03 1
¢ P : Al _EXeDy 2
c NOMENCLATURE " EXPO3 3
L EXPD3 ___ 4
3 1) - cuuuunvs CONE AREA #2/7P1 EXPOI )
£ AIN) IDTAL G A_(SQe CMe) - _EXPD)3 6
3 (K} =CONE DIAMETER AT ABOVE ELEVATION TCH.7 EXPD) 7
LGl DAMKY - MEASURED OQIAMENER AV ABOVE ELEVAVION = EXPO3__ 8
c DELS e mcleuem SLANT HEIGHT (CM.) €XPD3 9
e ELA GTH * RED . EXPD3 o,
C ELCH T REFERENCE LENGTH REASURED IN EXPD3 1
-G FMIAND ~ MOLE FRACTION _OF INHIBLTOR I l_u_uuml_:_ EXPO3 ___ 12
4 HIK) = ELEVATION ABOVE BURNER TOP (CM.) £XPD3 13
L HPKA, = MEASURED PEAK_HELGHT e —EXPD3___ 14
c ICANT ~ OPTION CONTROL INTEGER CHECK EXPD3 15
< K - _MEASURED ELEVATION AROVE_BUANER YOP EXPD) 16,
C 1PK = TOTAL NUNBER OF CONE WEASUREMENTS EXPO3 17
[ PN - NUMBER _OF EXPERIMENTS €XPD3 ___1i8
[ 1RK ~ NUMBER OF DIAMETER MEASUREMENTS PER RUN EXPD3 19
L JPK,_JPKLy Ny Ky = COUNTING INTEGERS EXPD3___ 20
3 KODE < SIGNAL INTEGER FOR ACCEPTABLE DATA . EXPD3 21
< NRUN = \BER_OF DATA_GROUP EXPO3 22
3 NRUNT — RUN NUMBER CHECK EXPDI 23
C .0 AND O(N)_____ = EQUIVALENCE RATIN EXPD3 __._ 24
€. OFSR ~"ATOMS OF OXYGEN TO COMPLETELY OXIDIZE ONE EXPD3 25
4 .. . MOLECULE OF FUEL EXPD3 __ 26
C QFOIN) = FUEL FLOW (CC./SEC AT VBFO WOLAL VOLUME) CXPD3 27
o UMINL ~= YOLUME FILOW OF MIXTURE _(CC./SEC AT ACTUAL ____  EXPD3 28
C TEMPERATURE AND PRESSURE) EXPODI 29
C QX0(N) = OXIPANT FLOW_(CC./SEC AT O_DEG. Ca 760 MMa HG) EXPD3 ___ 30
[3 SF ~ SCALE FACTOR (CM./UNITS OF DA(K)) EXPO3 31
. FEETH = ACTUAL DISTANGE BETWEEN._VEETH JU’LSEE_N on _EXPD3 __ 32
c R SCHLIEREN PHUTOGRAPH  (CM.) €XPD3 33
- AND UMD = FLAME SPEED __[CM./SEC). EXPD3_____ 34
[ VBFo — VOLUME PER MOLE OF FUEL (CC./GRAM-MOLE) EXPD3 3%
C.__..VBM ________ = VOLUME. PER_MOLE OF MIXTURE. (CC./GRAM-MOLE) ___ __ EXPU3 . 36
[ WE - FUEL FLOW (GRAM-MDLES/SEC. ) . EXPO3 37
Cl WX, = OXLOANT. .FLOW__(GRAM-MOLES/SEC.)_____ _____ _EXPO3
[ Yox ~ MOLE FRACTION OXYGEN IN OX1DENT
< .
SUBROUT INE sxro:mwu.lcn.orsn.vnx.vuo.vsn.lpu.o.u.nnoe.,rsem.
1. NRUNI__) .
CONMON INT, DEC, 1Cy Jil, J2s 3, WIN, NEX
e DIMENSION _INIL1CG). DEC(1IQ)
umeusxon A(lOO). 0(100), DA(1001, uuooi.ﬂmo). FAIL15)
15
uuns uuwut ups 3, 1010
L=0 e e eemm e e e s
KODE = 3 ’ .
DO 100 NaloIPN_ ... . -
10 CALL INPUT
e NEX_s NEX 3
IF{ NEX - 4) 200, 11, 200 EXPD3 53
11 NUNCON = IC - 4000 L. e o _FXPD3 _ 54
IF{ NUMCON § 13, 12, 137 EXPD) 55
4 EXPDI___ 56
C O CARD ASSTGNMENTS ; EXPO3 57
- . EXPD3 58
12 NRUNT = JLI . EXPD3 59
. ICANT =_INT(1)_ _ EXPD3 _ 60
IRk = INT{2) EXPO3 61
e MFOIN) = DEC(L) EXPD3___ 62
OXO(N} = DEC{2) €XPD3 63
o ..FMI{N)_ = DECI3) . EXPD3 __ 64
HPKA = DEC(4} £XP03.7 65
ELCM _ = DECI5), . EXPD3 _ . 66
ELA = DECI6&) EAPO3 67
6O_TQ 10 EXPD3, 68_
13 IF({ NRUNY - J1l) 200, 1al, 200 EXPOY 69
___141_LIMIT = )0e NUMCON - €XPD3 ___ 70
160 "= LINIT - 9 EXPD3 7
e JFULIMIT =_IKK ) 142, )42, 140 €XPD3 ___ 72
T40 LINIT = IRK ; EXPO) 73
142 M = Q €XPD3 74_
[ 143 K = 160, LINIT j ExPD3 15
e M W] EXPD3___ 76
muu = INT(N) EXPD) 77
____)43_DA(K} = DEC(M) EXPD3____ 74
LF( LIHIT - mx Y 10, 144, 10 ; EXPD3 19
£l ¢ N -] : i EXPD3____80_
IFHE&IN)M.IE.M . EXPDI 8l
__.1S TEETH =0.2 €xXPD3 ___ 82
14 SF ELCM /ELA EXPD3 83
IPK = _IRK % L : JEXPD3 __ 84
[4 EXPD3 85
_I:__.._lEALJ.D.LH.DRE_LHAMMLMMWL EXPO3____86,
EXPUI 87
.. lFum-looue.n.;o R : EXPD3 88
“1900 20 K= | , IR EXPD3 89
. HIK) w TEETH OFI._OA_YLLI_MKJ-U EXPD3 __ 0
20 DIK) = DAIK)eSF EXPU3 9
[4 ; EXPD3 92,
3 CALCULATION OF PEAK HEIGHT IN CN. EXPD3 93
c €XPD3 _ . 94
EXPL3 95
EXPD3 96
EXPD) 97
N EXPDY 98
t PRINTOUT OF FLANE FRONT OIMENSIONS €EXPOJ [T)
[ . : ... EXPD} 100
[4 TEST FOR MORE THAN TEN WEASUREMENTS EXPD3. 101
¢ e e et e ... kxv0s 102
mln-wl za-u.z‘l' :::g: :g:
——200_23 :m..tu-x (.
ml.-uum.no.z EXP03 " 108
L2301 WRITE OUTPUT TAPE 3, 1020 . _ miomene  ERPO3 J0G
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... (CONTINUED)

" SUBROUTINE ExPD3

. EXPERTRENTAL FLANE SPEED DATA REDUCTION

L=o S S €XPO3 107

c €xP03 100
-._L_...w. PRINTQUY FQOR GRQUPS OF VEN MEASUREMENTS EXPD3___ 109
EXPDY 110

.- 230 WRITE OUTPUT TAPE 3.,-)&L2 I e EXPD3 1L
9 IRUN, TINCK), K JPKEy 3PK°) £XPD3 112

WRITE OUTPUT TAPE 3, 10L13.. P I EXPO3 113
(DA(K) ks JPKI, JPK ) EXPD3 114

.. RITE QUTPUT TAP 014 ! EXPDI___ 115
THIK)y K= JPKLy JPK ) €EXPO3 T 110

e WRITE OUTPUT TAPE 3, 105, _ .  _ __ —- e . EXPD3 117
9 (D(K), K= JPKY, JPK ) €XPO3 113

JPK1 8 JPK +1 e e T EXPD3 119

2: Ls Le ¥ EXPO3 120
A_IFIL-88)25,25,24] EXPD3 ___ 121

241 WRITE OUTPUT TAPE 3, 1020 €XPO3 122
—_—— k=0 . EXxPD3 123
[ EXPU3 124
C._.. _ PRINTOUT FOR LESS _THAN_TEN MEASUREMENTS ._Exp03 125
[ EXPU3 126
2% WRIY T_JAP EXPO3 ___ 127
9 TRUN, nnu. umn. Ke JPKL, IRK ) EXPD3™  12W
e . WRITE OUTPUT rne 3 e eeie o EXPD3 __ 129
1DALK], u- .wxl. RK ) EXPD3 T 130

e MRITE OUTPUT uve 31014, €XPD3 __ 131
umn. Ko aPKi; TRRT EXPD3 ~ .132

3p 1015y EXPO3__ 133

9 i xl. K= JPKl, 1PK ) EXPO3~ 134

. BRITE._OUTPUT TAPE 3s._AOASKy_. ... EXPD3__ 135
9 ELCM, ELA €xeD3” 136

______ [ X R _.EXPD3 137

[4 EXPD3 138
c" __BUN_NUMBER CONSISTENCY CHECK €XPD3___139
EXPD3 140

IF (IRUN.~ NRUN1} 30,31,30 . _ . L EXPD3 161

30 KODE » 1 EXPD3 142

.. JRUNT = NRUNT _ _ . EXPLI | 143

G0 10 100 EXPD3 144

[ EXPDI___ 145
[ CONTROL INTEGER CHECK EXPD3™ 146
[ S EXPD3 147
317 IF {ICTL - ICANT) 30,35,30 EXPD3 148

C... -. R _ . EXPD3 149
[4 CALCULATION OF OXIDANT AND FUEL FLOW EXPD3 = 150
-, EXPOI_ 151
35 WX ®= OXO(N1/22414.0 EXPD3 152

WF = QFOIN)/VBFO _ EXPD3 153

GMIND = (WF & WX} » VBN 71,0 < FAIIN)} EXPO3 154

[ N, EXPD3 155
.t CALCULATION OF EQUIVALENCE RATIO EXPO3 156
PO EXPO3__ 157
O{N) = WFeOFSR/12.00WXeYOX) EXPD3 158

4 L. —— e e n 1o = . EXPU3 159
c CALCULATION OF CONE AREA e ... EXPD3 160
c EXPD3 161
AR_= 0.0 EXPO3 __ 162

00 40 K = 1, IRK EXPD3 ™ 163

.. DELS = Asoutsm_mgou EXPD3 164
40 AR = AR + (DIK) + DIK EXPD3 165
AIN) = 1,5T0796eAR | - EXPD3 166

c EXPD3 167
€ __CALCULAFION OF FLAME SPEED EXPD3__ 168
C EXPD3™ 169
UIN) = QMINIZALN) - _ EXpp3 170

7100 CONT INUE EXPD3 T 171
LF{L4IPN =56) 101,101,102 —_—— -— €XPD3 172

102 WRITE QUTPUT TAPE 3, 1018 EXPO3 ™ 173
120 EXPD3__ 174

T EXPD3 175
.G . PRINTOUI OF FLAME SPEED EXPD3 176
EXPO3 " 177

101_WRITE_OUTPUT_JAPE 3, 1016 EXPO3__ 178

00 uo N={, IPN EXPOI T 179

IRUN_= NRUN =1 ¢N EXPLI___ 180

uo muve OUTPUT TAPE 3, 1017, EXPD3™ 181
— IRUN,_QEQIN), -JADJ,N.!J_F!MN).;_MI!.I.._ML:_\LMJ__ €XP03 _ 182
nnuuv = 1RUNT EXPDO3 ™ 193
—..__120 KETURN, EXPD3 __ 184
[ EXPO3 " 185
_s._mywmmm_:mm EXxPO3 186
EXPD3™ 187

. 200 NEX = 2 EXPD3 188
WRITE OUTPUT TAPE 3, 30004 1Cy J11 EXPD3 T 189

. KODE = 1 __ e e EXPD3 190
G0 YO 120 EXPO3 7T 191

[ €XPD3____192
C FORMAT STATEMENTS . €XPD3 ™ 193
- . T, EXPD3 194

1010 FORMAT EXPO3 ~ 195

9 (1HU, LOK,_ 22MFLAME_FRONY DEIMENSIONS /1IN0, &M RUN ) EXPO3 __ 1ve

1012 FORMAT EXPO3 ™ 197
U&OJM&;_IMJMLMM?H £8:2 1 Exv03 198

6Xs; L9HSTATION (MEASURED), 4X, 1019) EXPO3 199

L1012 FORHA' P, R EXPD3 200
9 U1HU, T4y 2%, 1LONSTATION (MEASURED), 4X, 10191 EXPD3 © 201

1013 FORMAT __ . . - EXPD3 202

9 (1K 6%y RORDTAMETER (MEASURED) ., #X, 10F 9.3} EXPD3 203
wu sonnn EXPUS __ 204
(1M 6Xy  LGPHETGHT  (CHMe) » Xy 10F 9.5 ) EXPO3™ 205

wls muun e . . R .. EXPD3 206
(1M 6Xy  14NDIAMETER (CM.) 9Xy 10F 9.8 ) EXPD3 207

10151 runnu e EXPO3 208
9 I1H o 6Xe 26MACTUAL LENGTH OF REFERENCE 3X,F10.5¢3%y SNCH, EXPD3 209

e oo K 2BMEASURED \ENGTH QF REFERENCE DX.F Exe03 210
1016 FURMAT EXPO3 211

9 (1HO, &M RUN, TX, YHFUEL FLOW , 4Xy LZHOXIOANT FLOW. . 3% €xPO3 2182
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‘SUBROUTINE EXPD3

_(CONTINUED)

T EXPERINENTAL FUANE SPEED DATA REDUCTION
L I3NMOLE FRACTION , 3K, LIHVOLUME FLOW , X, «m:_oue_Mn 2} .. ExeD3 213
g 5:{..‘ uﬁuut SPEED 4 5Ky uu!oc:évn:uce :::g: ﬁ:
Lo oXg MICC./ Q!QL.J.. ox %rm_;__ 3 g
Ty 95'('2‘3./ ECTy BKs WHIS0. CHe? s GKks ﬂ'u Ko/ €XPD3 216
5. 9% o SHRALIO 0 ____ . . e e EXePD3 217
T1017 FoRmaT T Exens 218
9 (IH o T4y 6XpFL0.8¢6K 8105516X)F1045,6X,F1045,6KoF10,5,6XeP10x%s. . EXFDI 219
1 6X,FLO.5) £XPD3 220
_JOAS. f_omm EXPO3__ 228,
9 (1K) EXPDI 222
1020 FORMAT __ I EXP03 223
9 (1ML, 10K, ZEHFLANE FRONT DINENSIONS 71HO o 4 RUN ) EXPO3 224
3000 muuu AH0, 25X, . AAHOATA_CARD onqn INCORRECT_ = CARD_MUNORR .. EXPD3 _ 225
14, SXs LZHAUN NUNSER IS :::gg g:
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"SUBROUTINE  MAXM

gunu SUBROUTINE MAXM FOR ROUTINE 2018 FEB 20. 1962 MAC™ =~ DAYTON MAXM 1
(SO MAXM 2
[4 NOMENCLATURE HAXNM 3
<& e e e e et e MAXK _ &
[4 AK) = COEFFICIENTS OF FITTED EQUATION —  MAXM )
[ ARG = ARGUMENT OF QUADRATIC SQUARE ROQY .. MAXM 6
[4 GLJK) -"SUN OF SOQUARES AND CROSS PRODUCTS OF Thi MAXM 7
[ R —_X(NJK) MATRIX e e . MAXM [
C 1PN = NUMBER OF DATA POINTS MAXM v
€ Jo Ka_Le N =_INDICIES MAXM W0
4 K9 = SIGNAL FLAG FOR SEQUENCE OF CALGULATIONS - WAXM Y
L€ .. . KODE,_ .. .. ____= SIGNAL INTEGER FOR ACCEPTABLE DATA __ CMAXM 12
c MAXON SWITCH TO BYPASS MAXM SUBROUTINE | MAXM 13
[ (ANY' NON-ZERO VALUE BYPASSES SUBROUTINE) MAXM 14
c NCF ~ NUMBER OF COEFFICIENTS MAXM 15
[ O(N) = EQUIVALENCE RATIO MAXM _ 16
C oM = LARGEST EQUTVALENCE RATTO IN SET MAXM 17
L LOINF____ -~ EQUIVALENCE RATIO AT INFLECTION POINT OF CUBIC = MAXM 1@
[4 CURY MAKA 19
C ... 0L .= SMALLEST EQUIVALENCE RATI0 IN SET e . MAXM 20
c oMx ~ EQUIVALENCE RATIO AT MAXIMUM FLANE VELOCITY MAXH 21
L $10S MQE_LL_QHABLE STANDARD OEVIAVION OF 4 V§ = MAXM___ 22
[ CURVE FGR ADDITION TO TAPE HAXM 23
Co. . SUM - SuM ,or THE SUUARES OF THE DEVIATIONS L MAXM . 24
c uiN) ~ FLAME SPEED (CM./SEC) MAXM 25
_C. UDIN) ~ DEVJATION BETWEEN MEASURED AND. PREDICTED MAXM 26
c FLAME SPEED (CM./SEC) MAXM 27
- ENT_DEVIA ugu__ug_rug;u MEASURED AND MAXM____ 20
3 PREDICTED FLANE MAXM 29
G UMK~ MAXIMUM. FLAME SPEEO cn ISEC) _— e MAXM 30
[ UPIN) < PREDICTED FLAME SPEED (CM./SEC) MAXH 31
c LUSTD - STANDARD DEVIATION OF FLAME SPEED (CM./SEC) .. . MAXM 32
c ustoc ~ FLAME SPEED AT STOICHIMETRIC CONDIiTIONS MAXM 33
3 (CM, /SEC) . MAXM 34
[ XN,  INDEPENDENT VARTABLES j MAXM 3%
. sunuuuuue MAXM{. PN, 03 U, OMX, UMX, USTOC) KODE, STOS._..___ . ____ MAXM 36
1 1EXPDy MAXONy NRUN } MAXM 37
.. COMMON INT, DEG, I1Ga Jila_ J2, I3y NINy NEX . _ MAXM 38
DIMENSION INT{10), DECI10) MAXM 39
__DHENSWMMMLMJMWI___M XM___ 40
MAXM 41
- xoos » 0, S ORI 7 ¥ 1. «2
IF(MAXON) 500, 20, 500 MAXM 43
~-20_WRITE OUTIPUT_TAPE 3, 100} I oo MAXM 44
IF (1PN = 2) 500,500,25 MAXM 45
— 25 0L_s 00D WAXN *6
= 0L MAXM (3}
00 30 Nsl,IPN P e e MAXM 48
OL = MINIF(OL,0IN)) MAXM «9
UH « MAXIFUOH OUNDD . .. ... .. .. ——— — . HAXN 50
< MAXM 51
€. FORMATION OF CORFEICIENT MATRLIX MAXM 52
c B MAXH 53
NN M) = L0 N MAXM . 34
X(Ny2) « DIN) MAXM (3
X(Ne3) = O(N)ee2 MAXM 56
X(No4) = O(Nlee3 ; MAXM 57
__10 X(Ns5)_= UIN) MAXM 58
MAXM 59
,Q____A . TEST FOR_MORE_THAN_FOUR DATA PQINTS ::;n :c:
c "
JE_LIPN - &) 150240,50 ! :::: :g
C__._ _ALLEMPY. JO_BJ_EWLDAILEQ[A[L_LLEQUWM_._ :::: :;
_c,_.._A ... SOLUTION OF FQUR EQUATIONS IN._FOQUR UNKNOWNS ::::___ :f;
c
40 C RQUT (4, X,A) MAXM 68
ALk MAXM 69
L TEST_FOR UNSUCCESSFUL SOLUTION MAXM____TO
3 MAXM 7t
- JE_C_SENSE LIGHT 3) 4ls 70 MAXM____T2
3 MAXM T3
_Q__QMNJ.OMMW_EIL MAXM A
MAXM 75
..... ~4L.MRITE QUTPUT TAPE 3, 1010 MAXM 76
WRITE OUTPUT TAPE 3, toll, MAXM 7
9. . LOXEKeR Dol ®LsS DoKkmRa®) MAXM 78
G0 TO 200 MAXM 79
4 MAXM 80_
C ATTEAPT TO FIT FOUR OR MORE DATA POINTS TO A FOUR CONSTANT MAXM 81
- . ~EQUATIUN MAXM ___ 82
MAXM 83
MAXM 84
- MAXM 85
MAXH 86
D0 60 N=1,IPN MAXM a7
oL O —— MAKM 08
c . GENERATION OF FOUR REGRESSION EQUATIONS MAXH 89
e MAXM ____ 90
60 GIJoK) = GUJIIK]) ¢ XINsJIOXIN,K) MAXH 91
N , MAXN 92
C SOLUTION OF FOUR REGRESSION EOUATIONS IN FOUR UMKNOWNS ::m 9:
[4 U e — XM ., 9
CALL CROUT {44GoA) HAXN ¥5
—medFl SENSE. LIGHT. ) _6k. 70 HAXR 96
¢ HAXNM 97
e CRINIGUT OF UNSUCCESSFUL BLY MAXM____94
-£ . MAXM 99
61 WRITE OUTPUT TAPE 3,.1010.._. MAKM 100
WRITE QUTAUT TAPE 3, 1011 MAX®  lOL
’ CUGINsLholmlo5 DoKula®) .. . e .. MAXM 102
G0 70 200 MAXM 103
€ MAXM 104
3 OPERATTUNS UN FOUR OR WORE OATA POINTS mAXM 108
¢ . MAXM 106
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" SUBROUTINE NAXN -
. . S p— (- 1171

MAXTMUM FLAME {1

70 NCF e 4 —— e . e Al WAXK 107

K9 = Y MAXM 108
____lr _n_uuu_m;x 21, 11 MAKM___109
7 « 0.0 WAXN 110
e om( . 0,0 MAXK__ 131
OINF » ~A{3)/(3.00A(4)) MAXM 112

— ,xs DIVI.DE LHECK_3)0, 15 MAXM 113
7% K MAXM 116
——h _L._Q_;,._Q_Aujuuuuuul MAXM__ 1T'S
lf "5 IVIOE CHECK 310, o MAXM 116
L. _MAXM __ 117
[ TEST FOR SGUARE ROOT OF NEGATIVE NUNBER sAXms 118
W HAXK__ 115

80 1F uno) 310,310,85 MAXH T l2v
__u K9 = MAXM ___ 121
WAXM 122
J;_.mo:veanmAJm_nmmmu-mm_qum_uuuum______:::: _:sz
e OMX_ = OINFOLL,0 ¢ SIGNE(SORTF{ARG),AL3))) MAXM. 125
t MAXM 126
I S ; d MAXM 127,
C DATA RANGE MAXM 128
- .. e e e e aen MAXM 129

1€ {QMX ~ DH) 90,90,300 MAXM T 130

e I0_LE (Ol = OMK) 95951300 MAXM__ 131
95 K9 = 4 i MAXM 132
OMIN = QINF o (1.0 - SIGNFLSORTF(ARG),A(I))) MAXM___ 133,

3 MAXM 134
_%_-_.x.as,l.,mwmnuu. POINT _IN _DATA_RANGE MAXM _ 135
MAXM T 136

- e . LFLOMIN_ = ON} 10020102030 MAXM 137
100 IF{OL -~ OMIN) 300,110,110 MAXM T 138
A0 K9 = 7 MAXK___ 139
GO 10 300 MAXM 16U

[4 o u— MAXM 14}
< END OF OPERATION ON CuBIC FIT MAXM 142
[ e . MAXH 143
[ ATTEMPT TO FIT VTHREE DATA POINTS TO A THREE CONSTANT EQUATION MAXM T 144
< MAXNM___ 165
150 DO 160 N=1,IPN MAXM 146
160 X(N,4) = VIN), MAXM _ 147
CALL CROUT (3:X,A) MAXM 148

JIF( SENSE LIGHT 3) 161s 230 MAXM 149

[ PAXM 150
Cocmem PRINTOUT OF UNSUCCESSEUL FLT MAXM___ 151
[ MAXM 152
161 WRITE QUTPUT TAPE. .3 3012 MAXM 133
uulrs OUTPUT TAPE 3, 1013 . MAXM 156
((K(K.Ll;t-l‘_ﬂ;ﬁ'l..l)_.__._ e e o e a0 MAXMH 155

uu 10 500 MAXM 156

C MAXM __ 157
3 ATTEMPT TO FIT FOUR OK WORE DATA POINTS TO A THREE CONSTANT MAXHM T 158
¢ GOUATION - e n e e mn e s e armon MAXM 159
c i . . _MAXM 160
200 00 210 N=1.IPN MAXM 161
210 _XINyA)_= ULN) HAXM _ 162,
00 220 J=1,3 MAXN 163

— MAXM_ _ 164
MAXN 165

00,220, u-n.lm MAXM___166

c MAXM 167
£ GENERATION OF THREE REGRESSION EQUATIONS MAXM___ 168
e MAXN 169
—R20, GLIsK) = GldaK) ¢ XNy JIOX(NGK) MAXM _ 170
[ HAXM 171
‘c:__, .. SOLUTION. OF THREE EQUATIONS _IN_ THREE UNKNOWNS. MAXM__ 172
MAXM T 173

e GANL_CROUT (3,GoA) MAXM__ 174
3 MAXM 175
G TESY FOR_UNSUCCESSFUL SOLUTION . MAXKM 176
3 MAKM T LT7
- SJF(SENSE LIGHY 3 ) 221, 230 MAXM 174
[ MAXM 179
& PRINTOUT OF UNSUCCESSFUL FIT MAXM 180
3 - MAXM T 181
221 _WRITE QUTPUT TAPE 3. J012 MAKM__ 182
WRITE OUTPUT TAPE 3, 1013, MAXM T 183

9. .. 14GIKoLdoloNod}oKelq3) 2 MAXM: _ 194

60 0 500 MAXM T 185

i — MAXM___ 186

3 OPERATIONS ON THREE OR MORE DATA POINTS MAXM 87
e .. et HAXM _ 188
230 NCF = 3 ’ MAXM T 189

. K9 a5 MAXM __ 190
At4) 2 0.0 MAXM T 191

UMK_a: 0.0 MAXM___ 192

OMX = 0.0 MAXK 193

1F {A(3)) 240,310.220 MAXM  Lvé

240 K9 6 MAXM 195
[ L MAKK 196
[ " DETERMINATION OF EQUIVALENCE RATIO AT NAXINUR PLANE SPEED MAXM T Q97
< . MAXM___ 198
OMX = -A12)/(2.00A(3)) MAXM T 199

c L. e . MAXM 200
c YEST TO SEE IF EQUIVALENCE RATID AT MAXIMUM FLANE SPEED IS WITHIN MAXM T 201
[ —— _DATA RANGE_ MAXN 202
c MAKM 203
e A AQUX = LW} 250,250,300 MAXM___ 204
280 1F (0L - OMX) 260,260,300 WAXM T 205

< e, MAXM 206
[4 END OF OPERATION ON PARABOLIC FIT mAXM 207
4 [ S | L 1]
[ OPERATION ON DATA AFTER SUCCESSFuL FIT MAXM 209
_c. MAXN 210
20 K9 - T MARR 211

< MAXM 212
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SUBKROUTINE “WAXN ~ »
R L e e e s e S CONTINVED)

HAXIMUM FLAME SPEED DETERMINATION

¢ CALGULATION OF MAXLHUM FLAME sPEED - N MAXKM | 213
MAXM 214

_agunx__-__g(_u__m_muo_tmuum + OMXeAiA))} MAXM 215
MAXM 216

g___ - CACCVULATION. OF FLAME_SPEED AT AN EQUIVALENGCE RATIO OF ONE MAXKN ___ 217
MAXM 218

3to usroc = ACL) o AL2) o AL3) » AL4) — . _MAXM___219
SUN = 0,0 MAXM 220
0C_320 N=l, 1PN MAXM___ 221

UPIN) = A{1) « OIN)®TA(2) + O(NIo(AL3) + OINIsAT&)}) MAXM 222

| - e _MAXM__ 223
3 COMPARISON ~OF PREDICTED VS, WEASURED EQUIVALENCE RATIOS MAXH T 224
[ . — - — MAXM __ 225
UDIND = UIN) = UPINY MAXM T 226

[4 MAXM __ 227
3 CALCULATION OF THE PERCENT ERROR OF THE DEVIATION MAXM T 228
£ . MAXM __ 22
UOP{N) = T00.GeUDINIZUP(N) MAXM T 230

G o e e e e e o o e MAXM __ 231
[ SUMMATION OF THE SQUARE OF THE DEVIATIONS MAXM 232
4 MAXM__ 233
320 SUM = SUM ¢ UD{N)es2 MAXM 234
LIF CIPN = NCF) 3304330,340._..... . ... MAXH _ 235

330 USTD = 0.0 MAXM 236
~~~~~ GO TO 350 __ __ MAXM | 237
[ MAXM 233
L CALCULATION DF STANOARD DEVIAVION QF FLAME SPEED MAXM___ 239
[ MAXM 240
. 340 USTD = SQRTF(SUM/FLOATFECIPN-NCE)) — MAXM 241
350 WRITE QUTPUT TAPE 3, 1014 MAKM 242
—ee. ..MWRLTE OUTPUT JYAPE 3,_1015 N MAXN | 243
WRITE QUIPUT TAPE 3, 1016, MAXM 244

L E—— 1Y L) X MAXM___245
TF(IEXPD = 1) 351,352,351 . MAXM 246

351 WRITE QUTPUT TAPE 3,_10171. . . __ ... CMARM 2641
00 354 N=i, IPN MAXM 248

TRUN = NRUN ¢ N =1 MAXM __249

354 WRITE OUTPUT TAPE 3, 1018 MAXM 250

- RUN, DIN). UIN)o UPINI, UDIN}, UOPIN) MAXM___ 251

GO 10 35 MAXK 252

352 WRITE 'QUTPUT_TARE 3, 1017 _MAXM __ 253
00 3521 N = 1, IPN MAXM 254

3521 uans OUTPUT _TAPE 3, \0LS8, MAXM 255
N, OIN), UINI, UPINY, UDINY, UDP(N] MAXM 256

,,;s; 1F{X9=4)_ 2600360, 370 PAXM __ 257
B MAXM 258
. ERROR PRINT = CUBIC. FIT.OF CURVE UNSATISEACTORY = = = MAXmM 259
H MAXK 260
360 WRITE OUTPUT TAPE 3, 1019 _ . __ _— ———e MAXM 261
GO TO (361,362,363,364), K3 MAXM 262

T e MAXM _ 263
4 DIAGNOSTIC - PARABOLIC FIT INDICATED , A3 SMALL CR TEPD MAXM T 264
: et — e o veee MAXM 265
361 WRITE OUTPUT TAPE 3, l.ozo MAXM 266
G0 TO 200 MAXM 267
& MAXM__ 268
[3 ERROR PRINT = NO MAXIMUM MAXM T 269
c_. MAXM__ 270
362 waiVE GUIPUT TAPE 3, 1021 MAXMT 271
60 10 200 _ MAXM__ 272

c MAXM 273
c ERRGR PRINT  ~ MAXIMUM QUTSIDE DATA RANGE MAXN___ 274
C MAXW 275
L 363 ums OUTRPUT_TAPE 3, 1022 B MAXM __ 276
0 10 200 MAKM T 277

c. - . e _ MAXM 278
[4 CRROR PRINT = MINIMUM POINT IN OATA RANGE MAXM T 279
MAXM___ 280

364 murs OUTPUT TAPE 3, 1023 MAXM T 281
e - 80_T0. 200 - MAXM ___ 282
370 [F (X9 -~ 7) 371,380,500 MAXM T 283
K- e e MAXM __ 284
3 ERROR PRINT - PARABOLIC FIT OF CURVE UNSATISFACTORY MAXM T 28%
£ MAXM___286
371 WRITE OUTPUT TAPE 3, 1024 MAXM T 287
IF (K9 = 6) 372,313,500 MAXM ___ 286

372 WRITE QUIPUT TAPE 3, 1031 MAXM 289
o _..GD T0_50Q_ MAKM 290
373 WRITE OUTPUT TAPE 3, 1022 mMAXM T 291
GO_TO_500 MAXM__ 292

©380 IF {STUS) 381,381,382 MAXN 293
L ABLSTOS = M0 MAXM _ 294
c mAKM 295
€. . TEST TO SEE 1F SYANDARD DEVIATION WITHIN SPECIEIED RANGE ~  MAXM _ 296
3 ) MAXM T 297
M2 JF_IUSID - SIDSL 400,400,333 MAXM___298
C MAXM 299
[4 ERRUR PRINT _ —_STANDARD.OEVIAYION TOQ HIGH MAXM 300
€ MAXM 301
383 WRITE OUTPUT_TAPE_ 3, 1025 MAXM 302

9 RO MAXM 303
60_10.500Q MAXM___304

400 KODE = 3 MAXM 308
$00 RETURN . ... . S LMAXM 306

[4 MAXW 307
¢ . BAXM 308
c MAXM 309
1001 _FORMAT. MAXM _ 31y
9 (ML) MAXM s1Y

1011 FORMAT. e s rare e e e MAXM 312
9 (IH o 10Ky EL12.5, 10Ks E12.5,10X, €12.5,10X, E12.5,10X,E12.5 ) MAXM 313

1ul2 FORMAT MAXM 314
¥ (1MO, 10X, T3HPARABOLIC rn OF FLAME SPEED CUAVE FAILED - MATRIX MAXM 315

. 1 OF FHE COCEEICLENTS LS LMARM 316
2 1ROy 10Ke L2HEQUIV. uuo o 8Xo LOHEQUIV. RATIO 02, 9X, MAXH 317

3 VLIHFLAME SPEED //) .- - e e MAXN 310
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SUBROUTINE  MAXM

S —— L~ 15 (L1 -
WAKTNUR FLAN] D OETEANINATION

1013 FORMAT . L - : _MAXM 319
9 uu : 10X, E12.5, 10X, E12.5,10%, E12.5,10K, E12.5) MAXM 320
_.u.u HAXW__ 321
uuo 10Xy 22HFLANE SPEED CURVE OATA 1 WAXM T 322
_.mu FORMAT MAXNM __ 323
[0 6Xy A(AK, 1PE12.4), BX, OPFB.& 5 6K, F9.5, OK,F9.4 ) wAXN T 326
lon ronnu . MAXM __ 32%
9 (1HO, 10X, 8HDATA SET ,10X,1iHEGUIVALENCE ~YOX, SHMEASURED MAXM 326
Ao Ml%a. OHPREQIGYED JOX, HDEVIATION _ 11X, THPERC QL'_FELb__Mlﬂ_JZ 1
iH 31X, SHRATIO 12X TLHFLANE SPEED 8K, 1LHFLANE SPEE MAXN T 326
. _28%,__ SHOEVIATION: /) . . e __MAXW _ 329
FORMAT MAXM " 330
(100, 10X, 8H ___WUN_,10X,11HEQUIVALENCE 10X, BHMEASURED MAXM _ 331
11X, 9MPREDICTED 10X, 9HDEVIATION 11X, THPERCENT MAX® T332

___Z..J"_..} u_mu_m_m_.n_tme SPEED__ OX,RAMFAANE SPEED ___ MAXM 333

28Xy,  9YHDEVIATION /) MAXM 334

__uul FORMAT___ _ e ___MAXM 335
9 (1K & 10X. 18, 10X FL1.4;10K,F9. S 4 0K F.4e LOXFO.&, 10X, FO.4) MAXM 336
_1019 FORMAT MAXM___ 337
9 uno. TYox, 35HCUBIC FIT OF CURVE UNSATISFACTORY = ) MAXM 334

MAY MAXM___ 339

9 (an 4%y 23HPARABOLIC FIT INDICATED ) MA XM 340

1021 FORMAT e e e e - MAXM 341
9 (1He, 47X, L6HND' MAXTHUN FOUND ) HAXM 342
1022 FORMAT . MAXM __ 343
9 um. 47X, ZGHMAXIMUM OUTSTOE OATA RANGE } HAXM 344
~AU2} FORMA MAKM___ 345
9 um. 47Xy ZTHNINIMUM POINT IN DATA RANGE ) MAXMT T 346
.-1024 Foann —MAXM 347
{110 SOHPARABOLIC FIT C VE UNSATISFACTORY = ) MAXM 348

-102% ronun Y MAXM 349
9 (1HO 10x, 3THSTANDARD DEVIATION GREATER THAN 6.3 ) MAXM 350
1010_FORMAT. MAXM___ 351

9 (1HO0y 10X, 69HCUBIC FIT OF FLAME SPEED CURVE FAILED - MATRIX OF MAXM 352

LTHE COEEFICIENTS IS, . 2 __ o J——— . 1] 353

2 1HO, 10X 12HEQUIV. RATIO , 8X,16HEQUIV. RATIO 092 , 6) u. MAXM 354

.3 R JOHEQULNV,. RATIQ se3 o 9X,LLHFLAME SPEEQ. /7 ) s MAXM 355
1015 FORMAT MAXM 356
MO __36Ke L2WCOCEELCIENTS 30X QRHSTANDARD .o %X, MAXM___ 357
17HEQUIVALENCE RATIO , &6Xo THMAXIMUM / MAXM 358

2_ LH 4 __ 15K 2MAL. a.l#tn AHAZ, 34Ky 2HAD. o 14X, 2HAA o MOXa . MAXM _ 359

3 9HDEVIATION o 3K, 18HAT WAX FLANE SPEED » 3%, MAXM. 360

[ NG -_unruns_svesn./ Yo - —_ MAXM 361
END . MAXM 362
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—HASIER LIBRARY TAPE MODJFICATION

gurs SUBROUT INE TAPE FOR ROUTINE 2018 WARCH 5, 1962 MAC - DAYTON TAPE 1
- .- ——— 2
4 NOMENCLATURE 3
3 4
[ AL{T) AND A2(1) - FUEL MANE T 5
,,2___ ACCLIL,K) . = L‘Uul&:r OF S'RUCWRM. QQ'!IBII‘L'.O!S .uuousuu ure -6
K s REV APE 7
C. CAGNLIK). . ______CQN!.BJnumu uAun, |rlon CARD! upE_,__, ]
[4 (3113} SNUMBER OF STRUCTURAL CONTRIBUTORS PER nm.ecut.s TAPE 9
< BLK ~ BLANK (USEOQ IN comu_[_uwo NAME | TAPE 10
4 DIK) — DECIMAL DATA STORAG TAPE 11
< DNMIK ) — OEPENDENT _VARIABLE rune £pL1sy e . TAPE 12
[ LU AND TE = FIKST AND SECOND HALVES OF DATE TAPE 13
C. FGCULLY) o= NUMBER OF STRUCTURAL cumueurnasJiLuoLecuu e TAPE ___ 14
c FOR CONTRIBUTOR NUMRER LFGCCN TAPE 15
3 FOLLIK), = NUMBER OF snucrum;_couuuytw TAPE, 16
C FOR CONTRIBUFOR NUNBER LFGCCNIK) TAPE 17
C____ _ENL__AND FN2 ___ ~ FIRST AND SECOND HALVES OF FUEL NAME__ 18
C WNLLJ) -~ CONTRIBUTOR NAME (FROM TAPE) 19
Co ol Je Ko b= INDICJES A — 20
c 11A(3) < FUEL CLASS NUMBER 21
(4 11618 = FUEL GROUP NUMLER 22
3 111 < FUEL MEMBER NUMBER 23
c. . 2 . —eweme— DATA SOURCE NUMBER — 24
c 1301 -~ EXPERIMENTAL CONDIVIONS NUMBER 25
G 14D NUMBER _OF STRUCTURAL CONTRIAYY 26
[3 1A00 < NUMBER. OF DATA GRUUPS EPTABLE FOR WRITING TAPE 27
4 ICANY. =_OPTION CONTROL_| l.N.LEG‘&_QﬁECK TAPE___ 28
[3 1cTL — OPTION CONTROL INTEG TAPE 29
€. IFNC = FUEL CLASS NUMBER PR TAPE 30
c 1ENG = FUEL GROUP NUMBER TAPE 3
C_ . YFNM _____ - = FUEL MEMBER NUMBER TAPE 32
c INDS Z"OATA SOURCE CODE FOR GROUP SERTAL NUMBER ISFN TAPE 33
[ INEC. = DATA_EXPERIMENTAL _CONQJTION TAPE 34,
c SERIAL NUMBER [SFN TAPE 38
c L IPACC._._ .= NUMBER OF CONTRIBUTOR COUNI cumcis _EOLLONWING.. . TAPE | 36
c (REMAINDER OF G- € TAPE 37
€. .. IPCN.____ - NUMBER.OF CONTRIBUTOR mne wnszs_rul.l.oumc ___TAPE __ 38
4 {SIX PER —H- CARD) TAPE :9
C 1PEGE = NUMBER DF_PAJRS_IN CONTRIBUTOR COUNI LISY . TAPE
4 FOLLOWING DN TAPE
: CAPEM = NUMBER OF (CARDS FOLLOWING WITH. Luutunuro& .
S COUNT CHANGES (-G~ CARDS
S e $PY = NUMBER_OF_GRUUPS ON TAPE Z_B.EFOBE_AD.DJ VIONS
H IPIN - NUMBER OF GROUPS ON TAPE 2 AFTER ADDITIONS
1 1SEN =_DATA_GROUP. SERIAL_NUMBER_ _{FROM.
: 1re ~"CODE [NTEGER FUR INITIAL VTAPE PREPARATION
: JLIKy1) ... .= SPECIES CONTRIBUTOR CODE BER . .
: JGNLIK} -~ CONTRIBUTOR CODE NUMHER
: X1 + oeme o= NUMBER OF STRUCTURAL conrnlsuruas CONSIDtRED_
: LACNIL,K) - CONTRIBUTOR CUDE NUMBER (FROM
e - LFGCON(KL = CONTRJBUJOR CODE_NUMBER. _{FROM IAPE[
S LEMNIL) ~ DATA GROUP SERIAL NUMBER [(FKOM CARDS)
: LIPACC(L) ~ NUMBER OF CONTRIBUTOR COUNT CHANGES FOR DATA
: GROUP SERIAL NUMBER LFMNIL)
B = COUNTING_ENTEGER FOR LINES PRINTED PER PAGE

NNUN ZTRUN NUMBER OF DATA GROUP
_— .. . .= RUN NUMBER CHECK e e e e
SUHROUTINE TAPE {NRUN, ICTL AL A2, 11A,J1B,112,12,13,0A;14,J1,81,
1 i 1ADD,_DUy FE, LAST) .
COMMON INT, DEC, IC, J11ly J2, 43, NIN, NEX
. DIMENSION__INTELO0}, DEC(10)

DIMENSION  AL(20),A2(20), 20) 4D 20V, 1012001,12(20),131801  TAPE 63

b y14020),J00100,20),ACCL{20,90) sAUNL(50),016), onnu).ruuoon._ o TAPE 66

2 Foculzum.um.(zoa).Jc.uusol.uculzu.om.uumzm.uucu(oo». TAPE 65

3 LIPACC(20), I1AL20), [18(20), IMC(20} R TAPE _ 66

M= 4 TAPE 67
u_gm: Quwm uvg 53000, TAPE 68

o TE TAPE 69

. unns ourPUT nvs 3,.3001,, .. TAPE 70

9 NRUN TAPE 71

. REWIND 6 __ e et e I TAPE 12
to caLt INPUT i TAPE 7
NEX = NEX TAPE 74,

IF{ NEX = &) 600, 11y 33 TAPE 75

c . R - TAPE 76
c F CARD ASSIGNMENTS TAPE 77
[ e R TAPE __ 78
11 NRONT = g1t TAPE 79

ICANL = INT(1) TAPE___ 80

IPEM = INT{2) TAPE 81

IPCN = INFE3)_ __. . e e . TAPE 82

ITP = INT{(4) TAPE 83
CAAST . m INTUS) e, TAPE 84
[4 TAPE 1)
€ _RUN_NUMBER CONSISJENCY CHECK TAPE 86
3 TAPE 87
IF {NRUN_ = NRUNT) 29,21,29 . e S e TAPE 88

[4 TAPE 89
[4 OPTION CONTROL INTEGER CHECK . . TAPE 90
c TAPE 91
23 JE_L3CH, = JCANT) 29:22,29 TAPE 92
[ TAPE 93
C . . TESTS FOR EXECUTABLE CONOITIONS. ... _ . ... ___ ... e en .. TAPE 94
c TAPE 95
22 1F (1TP & 7) 2%, 28425 . . .. ._......... TAPE s
25 IF (IPFA) 20426432 - TAPE 97
€ TAPE ___98
c TEST FOR GROUPS READY TO BE ADDED TAPEC 99
c - e < s TAPE  LOU
26 IF (IPCN)  27,27,40 TAPE 101
27 1F (1ADD) 304 30,40 e SR TAPE 102

c TAPE 103
€. . DIAGNUSTAC = INJVLAL TAPE PREPARATION _u}::: :O;
3 0!
28 WRITE OUTPUT TAPE 3, 3002 TAPE 106
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SUBROUTINE TAPE

e e P o e . 1CONTENUED)

. WASTER LIORARY
GO TD 193 .o e s e . TAPE 107
o o 1o
RROR_PRINT. = DAT, T_OF ORDER TA 09
3 PATA 00T O TAPE ™ 110
.29 WRITE OUTPUT TAPE 3, 3003, e e TAPE L1
9 NRS un.umnv,lcu.lcml TAPE 112
GO TO 600 . e s e TAPE 113
[ TAPE 114
.c___._mmﬂu____-_mmum TAPE__ 115
" TAPE 116
30 WRITVE nunut TAPE 303008 _ . - _ . TAPE  It7
GO TO 495 TAPE 118
2L =0 - e e s, TAPE 119
321 L~ L+ 1 . . TAPE ~ 120
6Q Y0 10 TAPE _ 121
2 TAPE 122
L. .. G CARD ASSIGMMENTS TAPE 123
c ] TAPE T 124
3% LFE NEX =~ 1) aoo,,_;M TAPE___ 125
330 NUMCON = iC ~ TAPE T 126
__lf.(..mw . JAPE 127
331 LFMNIL) = INT(1) VAPE 128
APACC = INT(2) ‘TAPE _ 129
GO TG 1O TAPE 130
___332_IFt NRUNT = Jln_goo_,_;;h_m TAPE __ 131
333 LINIT = 106NUM TAPE 132
—_— U0 = LIMI L TAPC ___ 133
TF(LTNIT - lPACC) 335, 335, 334 R TAPE 134
334 _LINIT = 1PACC . TAPE __ 135
335 2= 0 TAPE ~ 136
DD 336 K = _160_,_ALJMIT —— __TAPE 137
H2s M2¢ - TAPE 138
o —LACN (82} N TAPE___139_
336 ACCLIL,K) = DEC(M2)} TAPE  1&0
JFC LINIT ~ EPACC) 100 35 10, __ TAPE 141
35 LIPACCIL) = IPACC TAPE ~ 142
IFC L = IPEM ) 3214 40, 40 TAPE __143
4 ) TAPE 144
G REAOING QF MASTER TAPE & TAPE___ 145,
T TAPE 146
_.AO_READ INPUT_YAPE &, 2000 TAPE __ L47
READ INPUT TAPE &6, 2001, IP1 TAPE 148
C o . TAPE __ 149
c READY SCRATCH TAPE 8 TAPE 150
3 TAPE___ 151
REWIND 8 TAPE 152
4 TAPE _ 153
4 COMPUTATIONS FOR ALTERATIONS AND ADDITIONS TO DATA GROUPS ON TAPE 1:?5 154
3 . — - L. TAPE 155
00 90 Is1,1P§ TAPE 156
C_. JRS— TAPE__ 157
¢ READ EACH GHOUP STORED ON TAPE 6 TAPET )58
T . . e TAPE 159
READ INPUT TAPE 6, 2002, .. TAPE 160
9 lsm.nu.suz.lmc.lsnc.lsun.mos-mec.(nuhx-z TAPE 161
— Y IPEGC,(LFGCCN{XI FGCLIK) KoLy I PFGC) TAPE 162
TAPE 163
g_ . TEST_FOR PROPER _DATA_GROUP SERIAL NUMBER SEQUENCE ON TAPE TAPE 164
TAPE T 168
IF {1 = ISFN) 41,45,4] e . . TAPE _ 166
"1 REWIND b TAPE 167
REWIND_8 : TAPE __ 168
€ TAPE 169
2___ TEST JO_LEMIT_THE NUMBER OF LINES PRINTEQ PER PAGE OF OUTPYT = TAPE _ 170
TAPE TT1T)
c IF(N =52) 42,4383 _ . __ . . ... .. ... TAPE __ 172
43 WRITE QUTPUT TAPE 3, 3020 . TAPE 173
[ TAPE__ 174
3 ERROR PRINT = DATA GROUP SERTAL NUWBER INCONSISVENCY . TAPE 175
TAPE _ 176
7 uune "GUTPUT TAPE 3. 3005, TAPE T 177
) ... __LSFN, : TAPE 178
G0 70" 500 TAPE T 179
. TAPE___ 180
C BYPASS OF TESTS IF NO CARDS 10 BE READ TAPE 181
[ . TAPE __ 182
45 IF (1PFM) 80,80,46 R TAPE 183
K T o TAPE___ 184
3 MPUTATTONS FOR ADDITION OF INFORNATION TO TAPE & TAPE 108
& TAPC_ __ 186
46 DO 47 LalsIPFM TAPE 187
K U, TAPE, _ 188
[ TEST FOR ALTERATIONS TO GROUP TSFN ON TAPE OV DATA FROA -G~ CARD TAPE T 189
e - - TAPE _ 190
16T = LFMNILY) 47,50,47 TAPE 191
— 4T CONTINVE TAPE __ 192,
G0 10 80' TAPE 193
S0 00 51 _J=1,200 . TAPE 194
c TAPE 193
C.__.... JERC COUNT LIST _SIDRAGE TAPE _ 196
c VAPE 197
GLIL () = 0.0, TAPE __ 198
N 00 52 K=1,IPFGC TAPE 199
[ . I . TAPE __ 200
c STORE TAPE VALUES OF THE NUMBER OF STRUCTURAL CONTRIBUTORS PER TAPE 201
C. _ MULECULE_FOR_GACH CONTRIBUTOR WITHIN_THE SPECIFIEQ GROUP _ ;APE . 202
c APE 203
3.3 LEGECMIK), TAPL 204
82 FGLILIY) = FGCLIX) TAPE 205
[ . TAPE 206
[ ADDITION OF NEW VALUES OF THE ER OF STRUC TAPE 207
c PER NOLECULE_FOR_THOSE CONTRISUTORS LISTED. m_lu(_-c- CARD . ;ne 208
[3 APE 209
e APACC_ 2 LAPACCIL), . TAPE 210
00 93 Kel1PACC TAPE 210

J = LACHIL.K) e — ——— e e o o o £ o oarie e TAPE 212
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"SUBRDUTINE ~TAPE

. . ICONTINUED)

MASTER LTBRARY TAPE MODIFICATION -

e e e 4 e
$3 FGCJLIJ) = ACCLIL,K) . i i TAPE 213
K=0 TAPE 214
K TAPE __ 215
(3 LIST CONTRIGUTOR CODE NUMBERS AND NUMBEA OF CONTRIBUTORS PEK TAPE ™ 216
C... MOLECULE TQ BE MRITTED ON TAPE 3 TAPE 217
[ TAPE 218
0O S5 Jw1,200 . B e o TAPE 219
IF (FGCJLIJI) 54,55,5% TAPE 220
B K m K e ) : TAPE___ 221,
LFGCCN(K) = J TAPE 222
FGCLIKY = FOCILES). . .. . ... .. . . TAPE 223
55 CONT INUE TAPE ~ 224
IPEGC » X e .. TAPE 225
TAPE 226
_c__ JESI_I0 LIMIT THE NUMBER OF LINES PRINTEQ ER PAGE OF QUYPYY TAPE_ 227
TAPE™ 228
IF(M 4 IPFGC/G = 52 ) 36457457 . TAPE 229
"T87 WRITE OUTPUT TAPE 3, 3020 TAPE 230
.. HMsO e I TAPE__ 231
56 M = N+ IPFGC/6 +6 TAPE 232
S TAPE___ 233
c PRINTOUT OF ALIERED LISTS i TAPE 234
4 o= TAPE __ 235
WRITE QUTPUT TAP TAPE T 236
WRITE ouwuv rms z._w;oo'r. S TAPE _ 237
9 Ny (LFGEERTKT (FECLIKD ¢K=T,1PFGC) TAPE T 238
[ : TAPE__ 239
3 INTERIM STORAGE ON TAPE 8 ) TAPE 240
c. —_ _ i TAPE 241
oo WRITE OUTPUT TAPE 8, 2002, TAPE 242
—_ o ISENSFNBoFN22TENC o 1ENG, IFNM, INDS INEC (D(K) (KeZob)s . TAPE 243
IPFGC, (LFGCCN(K) oFGCLIKY jK=1y IPFGC ) TAVE 244
_99_Qow.mv.ﬁ TAPE__ 245
C - TAPE 246
3 END OF ALTEKATIONS AND ADDITIONS TO DATA GROUPS OM.JARE. . . VAPE 247
4 TAPE 248
c ALTERATIONS OR ADDITIONS TO CONTRIBUIOR NAME LIST . L TAPE 249
[ TAPE 250
TAPE _ 251
C REAC CONTRIBUTOR NAWES AND DEPENDENT VARTABLE WANE LIST FAGR TAPE TAPET 252
READ INPUT TAPE 642003, . _. . - . TAPE 253
(GNL (47445142000 TAPE 254
. new INPUT_TAPE 6, 2003, . ___. _ TAPE  25%
(DNMIKD (K=1e6) ~ ° . TAPE 256
REWIND & TAPE___ 257
REWIND 8 - TAPE 58
H e e e e e e . TAPE 259
H TEST FOR ALTERATION OR ADDITION TAPE 260
H e e e e _TAPE 261
IF (IPCN) 10U4100,95 = TAPE 262
e e o TAPE 263
p H~ CARD WEADING . TAPE " 264
B e e T TAPE 265
LH nsw INPUT TAPE 2, 1001, L .. YAPE 266
{JGNL UKD s AGNL LK) oKa T ¢ IPCN) . TAPE 267
[ _ o o TAPE __ 268
¢ TEST TO LINIT THE NUMBER OF LINES PRINTED PER PAGE OF OUTPUT  TAPE 269
[ e e e e ___JAPE 270
IF(M + "IPCN/T = 52) 97,98,98 . TAPE " 271
98 WRITE OUTPUT TAPE 3, 3020 . .. ... __.._ : TAPE | 272
"=0 B TAPE ~ 273
97, M=M & _IPCN/T +6 N TAPE__ 274
3 TAPE 215
C_. . PRINTOUT UF ALTERATIONS OR ADDITIONS FO CONTRIBUTOR NAME LIST YAPE _ 276
c TAPE T 277
WRITE OUTPUT TAPE 3, 3008 _ _ . - X TAPE 278
WRITE OUTPUT TAPE TAPE T 279
9 (wu).x-x.ucm TAPE___ 280
DO 96 K=1,IPCN TAPE 281
_J = JGNLIK) . TAPE ___282
[ TAPE ™" 283
C__._.. ADD ALTERED OR NEW NAMES TO LIST . TAPE 284
[3 TAPE 285
96 _GNL(J) » AGNL(K) TAPE___ 286
3 TAPE 281
€__ . REVISE GROUP COUNT TAPE__ 280
c . TAPE 289
_A00_1PIN_= IPL ¢ 1ADD. TAPE __ 290
I3 TAPE ™~ 291
& PREPARE CORRECYED JAPE ¢ TAPE 292
[ TAPE 293
... .MRITE QUTPUY_TAPE &, 2000 TAPE _ _ 294
WRITE OUTPUT TAPE 6, 2001, TAPE T 295
e o APANL TAPE 296
c (A ~ CORRECTED GROUPS PREVIGUSLY ON TAPE TAPE 297
[ 4 TAPE__ 298
B0 110 1 = 141P1 TAPE 299
READ _INPUT TAPE By 2002y . . . .. - TAPE 300
ISFNFNL)FN2 o TFNC o TFNG, INDS, TNEC, (DIK] oKu2ob) s TAPE ~ 301
1PFGC, (LFGCCNIK) pEGELIK) o K21y IPEGE) TAPE _ 302
10 mme "OUTPQT TAPE 6y 2002, TaPE’” 303
£ MMy INDS e INEC, (DIK] sKe2,6) TAPE___ 304
wn.c.u.raccnm.rccuu.x-l.mr.cn TAPE™ 305
. . JF _U1ADD)_ 415,115,007 . e e TAPE 306
3 TAPE 307
C ._. _TEST TO_LEMIT THE_NUMBER DF _LINES PRINTED PER _PAGE QF QuTeut . _TAPE. 308
3 ) TAPE 309
AL _JFIM = 96) ALd.118c014 TAPE ___ 310
114 uune DUTPUT TAPE 3, 3020 TAPE 311
— L e TAPE 312
113 u-mz TAPE. 313
c e s e e~ YAPE 316
3 D1AGNOSTIC = NO NEW DATA GROUPS ADDED TO TAPE ;:;s ;:s
£ _ 3l
TWRITE OUTPUT TAPE 3, 301 TTAPE T M7
GO 10 140 - e e e e TAPE 318
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" SUBROUTINE  TAPE

’ e e . s e, LCONTINGEO)
. WASTER LIBAARY TAPE WODIFICATION

3 B e e YAPE 310
14 is) ~ ADDITION OF NEW GROUPS TO TAPE TAPE 320
[ . TAPE__ 321
¢ i TAPE 322
c. TEST TO_LINLT THE NUMBER OF LINES PRINTED PER_PASE OF QUTPYT ____;::E ;::

[4 . 3
117 IF(M - 52) 118,116,008 : e s TAPE 325
116 WRITE OUTPUY TAPE 3, 3020 TAVE 326
MmO TAPE___ 327
TTTHAE s TAPE ™ 328
¢ e e L.TAPE 329
[4 PRINTOUT OF NEW GROUPS ADOED TO TAPE TAPE: 330
c I 7 Y. St 11
WRITE OQUTPUT TAPE 3, 3012 TAPE ‘312
320 00_130 J= AP 333
ISFN = [#1 & | '334»
I KL = 14L0) e 335
IF(M - 58) 129.120.120 33
128 . .. 37
WRITE OUTPUT TAPE 338
M0 339
129 MsMe) 340
— WRITE OUTPUT TAPE 3,.3013 341
ALt 342

x DAL2,1), DAl&y1)e DAL3, 1)y DALS
“TTI30 WRITE OUTAUT TAPE 65 2002,

-Azllh ISFN nllA(ll-ll!(lhllClelZUthlh

9 ENGA) (L} AZET) o [AALLN,ELRLI 5,

1 (DA(Ky 11 eK®2,6) oK1y {JLIK, 1) 1BUIK 1D oKn1sK1) TAPE 346

C_ . e R __TAPE 347

[ TEST TO LIMIT THE NUNGER OF LINES PRINTED PER PAGE OF OUTPUT :::g :::

1E(MeT4T1076 = 50) 131,132,132 TAPE 350

232_WR L1} TAPE 3, 23020 TAPE, 351

M0 TAPE 352

131 MemMss . . e TAPE 353

WRITE PUT TAPE 3, 3014 TAPE 354

_DO 135 1=1,1A00 TAPE  _ 355

ISFN = IPL ¢ | TAPE 356

KL= L8{]) TAPE___ 35T

T TAPE™ 358

€ . ._.TES1 TO LIMLV_THE NUMGBER OF LINES PRINJED PEA PAGE OF OUTPWY ;::: - ;::
c

L IFUMeIatIN/6 = 56) 133,134,004 - _..TAPE __ 361

134 WRITE OUTPUT YAPE 3, 3020 TAPE 362

.______MBJ.T_E_OMJ!_UJ__HP_LJ.-_’M L] TAPE___ 363

TAPE 364

133 n-mlulwb 2. TAPE | 365

135 WRITE OUTPYT TAPE 3, 3007 TAPE 366

9 ISFNg_ . uuu.unux.u.l_-_x.m_ . JAPE 367

¢ . TAPE 368

P o =i _;_.ADDLLMJLCDMWM&AW_I&[_____;:&____::z

140 WRITE OUTPUT TAPE e.. e . TAPE 371

. I - . _TAPE 372

uane QUTPUY tnz 2003, TAPE 373

qu).u-l.u TAPE__ 374

END FILE © TAPE 375

_ ... REWIND 6 _ . e e e TAPE 376

REWIND 8 TAPE 377

G0 10 500 e e TAPE 378

TAPE 379

__( _END_OF QPERATIONS ON ALTERATIONS ANO ADOITVIONS TO VAPE 2 TAPE___380

TAPE ™ 3481

_c_ OPERATIONS FOR_INJLTIAL MAKEYP OF TAPE 2 _TAPE _ 382

c TAPE 383

195 IF (IPCN). 490,490,210 e e e ... TAPE __ 384

3 TAPE ~ 388

S TITLE CARD READING TAPE __ 386

3 TAPE 387

. ..210 READ INPUL TAPE_ 2, 2000 TAPE __ 308

c TAPE T 389

. c _ H CARD READING TAPE __ 390

4 TAPE 391

_u_m_l » P TAPE 392,

TIGNL KT s AGNLTK Y g K=1, IPCN) TAPE . 393

. e TAPE __ 394

c DEPENDENT VARIABLE NAME LIST caao READING R TAPE ~ 395

e s M TAPE___396

" READ INPUT TAPE 2, looz. TAPE 397

) DNl TAPE___ 398

DO 215 J=1,200 1APET 399

I - S TAPE _ 400

c BLANK DUY ENTIRE CONTRIBUTOR NAME FIELD N TAPE ~ 401

C. e .. — _..TAPE 402

218 GNLiJ) A BLK TAPE 403

00_220 K=\, PCN TAPE __ 404

J = JGNLIK) TAPE™ 405

[4 R e e —._TAPE . 406

c STORE GROUPS FROM ~H~ CARD IN CON TOR NANE FIELD TAPE = 407

e, . e e e verees im0 @ TAPE 408

220 GNLUJ) = AGNLIK) tare 409

E_L1ADD) 49¢ TAPE__ #i0

[ TAPE . o1l

€... .. PRINTOUT OF INITIAL DAVA_EOR TAPE. .. . ... TAPE 412

3 TAPE 413

230_WRITE OUTPUT TAPE 3, 2000 _. _ .. . e . TAPE Al

WRITE OQUTPUT TAPE 3, 3010 ' TAPE 415

e WALLE_QUTRUT _TJAPE 3, 3008, TAPE__ Al6

9 ucuuu.amtlhu-hlun) TAPE 417

WRITE ourmt TAPE 3, 3015 TAPE  al8

’ DNMIK) sKate6],BLK TAPE 419

3 - - TAPE 420

[ PREPARE TAPE 6 TAPL 421

K TAPE _ 422

iTE 0UTAUT VAPE 6, 2000 TAPE ~ 423

muve OUTPUT TAPE &, 2001, e e e e — e . TAPL 424
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. "SUBRGUTINE  TAPE

- e e we s - CCONTINUED)
NASTER LIBKARY TAPE WOCIFICATION

LADD e el TAPE 425

oo 240 1=1,1A0D ' TAPE 426

JKi_w 1441) TAPE 427
zso WRITE OUTPUT TAPE &, 2002, TAPE 428

- L1 o ALEIN A0 ) TRACT) o RL8CE) BRCLDD 3TN IBND, TAPL 429
(OA(K 17 yKn KLo LLEKYTD 8 .II,K-I.KU TAPE 430

uuus OUTPUT TAPE Gy 2003, . e e _TAPE 431

9 (GNLTY) 4 Jo14200) . TAPE 432
uan_e outpyy _A__E 63 2003, TAPE__433
ONMIKT Knj 50 TAPE 434

. Enu FILE e e I TAPE _ 43%
WRITE ourpuv TAPE 3, 3018 R TAPE ~ 436
REWIND & e .. TAPE _ 437

c TAPE ~ 438
[ END_QF INITIAL PREPARATION QF TAPE 6 TAPE___ 439
3 TAPE 440
GO YO 500 TAPE . 44l
3 TAPE ' 442
€ ... ERROR PRINY _ = NO OATA FOR_INITIAM PE_PREPARATION TAPE 443
[4 TAPE “&4
890 WRITE QUTPUT TAPE 3, 3017, TAPE __ 445_
9 1PCN, TADD TAPE 440

495 REWIND &6 __ . __ TAPE _ 447
500 RETURN TAPE 448
__600 NEX = 2 TAPE 449
WRITE OQUTPUT TAPE 3, 40005 ICs 411 v VAPE T 450

60 10 500 TAPE___451_

TAPE 452

C_.. .. FORMAT STATEMENTS TAPE _ 453
P TAPE 454

1001 _ronnu — - _TAPE _ 455
(12x VT4 2X A8, 149 2X A0 142X oAB4TH 92X sAG 14,2X,A6) TAPE ~ 456
_mgz_sonyn 12Xy TAG ) TAPE__ 457
2000 FORMATCLHL, L1X60H TAPE 458
3 ) e e e : TAPE 459
200[ FORMAT TAPE 480
(LHO. 616) | TAPE _ 461

zooz FORMAT TAPE ~ 462
} 16,206,516, 1PSE12, 4216/ (10 [6361204,16,€12.8,16,E12,4,16, TAPE___ 463

1 v 2 165EL2.4y T61EL2.4)) TAPE 464

2003 FURMAT _ _ TAPE _ 465
) 9 (1HO 916X, AG17(IH 6K Ab16XsAbebXyAB 6K AS)EXsALI6X oA 6XsAG 6Ky TAPE ~ 406
' LA6,6X,ABY)_ TAPE _ 467
3000 FORMAT TAPE ' 468
JUSNS— IUJ.-JA‘_WM_DLT 10N _FLANE SPEEQ CALCULATL _  TAPE __ 469
ION -  ROUTINE 2018 MODIFICATION 1 DATE 246 ) TAPE 470

3001 FORMAT e ot ams o s e . TAPE _ 471
9 (110, 10X, 36HTAPE 2 WRITING INFORMATION -~ “RUN T4 ) TAPE ~ 472

3002 FORNAT P e TAPE 473
9 (1HO, 15X, 28 INTTTAL” TAPE PREPARATION ) TAPE 474
3003 FORMAT, _ __ — o TAPE___ 475
9 { 1HU, 16Xy30HDATA UUV OF ORDER - RUN NUNBER (4, TAPE 476

1 LeXy ... 20HMISPLACED RUN Y .. TAPE 477

2 /1HO 16X,22HOPTION CONTROL INTEGER 14, _TAPE 478

3 22%421HCONTROL, INTEGER CHECK 14) TAPE 479
3004 FORMAT e L . TAPE___ 480
4 (110, 10X, 2OANO ACTION CALLED FOR ™Y TAPE— 481
3005 FORMAT TAPE 482
9 (1HO, 10X, STHGROUP SERIAL NUMBER INCONSISTENCY =~  SERIAL NUNE TAPE 7 483

1ER = l4& 4 5X; LINLOCAVION = 14 ) . TAPE __ 484

3006 FORMAT TAPE ~ 485
o 9_(1HU,10X,_34HALTERATIONS TO DATA GROUPS ON TAPE TAPE___4H6
1714 ,14H DATA GROUP 46K, 1 LHCONTRIBUTOR,6Xy 11 TAPE 487

. . 2CONTRIBUTORGXy LIHCONTRIBUTOR »6X» 1 IMCONTRIBUTOR 46Xy 1 lncomu_aur_oa o __.___TAPE __ 488
37 1H ,117H  SERIAL CODE COUNT 7/ ~CODE COUNY /  COOE TAPE 489

4 COUNT /. CODE  COUNT / COUE COUNT 7  CODE___COUNT / _ TAPE __ 490

S/ 1H 118H  NUMBER UMDER MOLECULE NUMBER WMOLECULE NUMBE TAPE 491

. _6R__MOLECULE NUMBER non.echE NUMBER _MOLECULE NUMBER MOLECULE /) TAPE__ 492

3007 FORMAT TAPE 493
e 9 LAHUy 11057X, 6(16,2X,FT2302X) /L1H o17X, 1FTe392X 0 1602XsET 3 TAPE 494
102%X0 169 2K FTo3 2Ky 160 2XsFTe302Xe 16,2X0FT0342Xs16,2XsFT703 1) TAPE 495
_.3008 FORMAT e .. B TAPE___ 496
9 (10, 10X, 32HCHANGES IN CONTRIBUTOR NAME (1ST T TAPE 497
~2009 FORMAY TAPE 496
9 (1HO, 14H  CONTRIBUTOR,6X, ) INCONTRIBUTOR 46Xy LINCONTRIBUTOR 16X ¢ 1 m"—' TAPE 499
LCONTRIGUTOR ) 6Xy 1 IHCONTRIBUTOR ; 6X, LIMCONTRIBUTOR ) X4 LAHCONTR ]S TAPE__500

2/ 1H , SH CODE 13X,4HCODE 13X,4HCODE 13X,4HCODE 13X,4HCODE ux. TAPE 501

3. AHCODE 13XoAHCODE. /. . .. . __ TAPE___ 502

& IH  LITHNUMBER  NAME  NUMOER  'NAME  NURBER NANE  NUMBE TAPE 503
———5R___ NAME _ NUMBER __NAME __NUMBER __ NAME __NU _u._uAgi_J___._mE 506
6/TIN , xc.zx.u.:x.xe.zx.u.zn.u.zx.u 3K T8r2X;4603X1 T6,2X, 88, 3X YAPE 505
e Vel 2% A613X, 1642XsA6 ) ) . TAPE. _ 506
3o|o FORMAT TAPE 507
9 (1HO, 10X, 29HENITIAL CONTRIBUTOR NAME LIST ) e, TAPE 508

" 3011 FORMAT ) TAPE 509
— .3 _(1HO, MOX, _32HNO NEW DATA GROYPS_ADOEQ 1O TAPE ) TAPE__ bl0,
3012 FORMAT K TAPE 511
9 (1HO, 10X, 25HDATA GROUPS ADDED YO VAPE /. TAPE 512

1 iH o 10M FUEL NAME 19X,12HCODE NUMBERS 22X,14HSTOICHIOMETRIC 11X TAPE 513
2013HMAXINUM SPEED . 6K LIHEQUIVALENCE /LM 13X, 103NSERIAL CLASS G TAPE _ 51e
3ROUP MEMBER DATA = EXPERIMENT  FLAME FUEL FUANE TAPE ~ 515

4 FUEL RATIO AT/ TAPE___ 516

5 N ¢39X, 7TTHSOURCE CONDITIONS — SPEED CONCENTRATION _ SPEED TAPE 517

6 CONCENTRATION  _ MAXIMUM /1H (S7X,61HICHM./SEC) _(MOLECULES/CC) (CM.__ - TAPE _ 518
‘lISEC) (NOLECULES/CC) FLAME SPEED /) T tave T b19

3043 FORMAT . . TAPE 520
9 (UK o 246, i74216, 317, 4X¢ F9.4) zx.wuz.a.zx. OPFY.4,2X,1PEL2, TAPE T 521
_24,3%, QPFU.A ) JAPE___ 522
3014 FORMAT TAPE 523
9 (1HO, 10X, 3ZHADDITIONS TO DATA GROUPS ON TAPE . /. R TAPE . 524

1 LW +14H DATA GHOUP 46Xy LIHCONTRIBUTOR 6X ) L EHCONTRTBUTOR,6X,11H FAPE 525
2CONTRIDUINR, 6Xy ur«:omauutou.sx.uncouuuumu.u.nm;onmautoa . TAPE 526

37 14 411TH  SERIAL co oe CUUNT / CODE  COUNT /  CODE TAPE 827
______ e COUNI [ __GODE__ COUNT / __CODE __COUNT_/ _CODE GOUNY /_ . TAPE _ 528
57 1W (LLBH  NUMBER nuneea NOLECULE NUNBER MOLECULE NUNBE TAPE 529

6R  MOLECULE «unusn MOLECULE NUMBER NOLECULE NUMBER  MOLECWLE /), TAPE 530
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—SUBROUTINE _ CROUY

MAY N AQYTL NAXNM

3 ROUT SUBROU W00 PROBLEN 2018 MARTH
5 [} 2
NOWENCLATURE T 3
< ;ugst s
[4 BIVISR - = L ELE [4 3
[ 1Dy JNy Ky 1y Jdp CROUT 6
(4 J1 - INDICIES CROUT 7
(4 1VCIR ~ JTERATION ggm;ia cRrOUY 8.
(] NVAR < NUMBER OF INOEP! NT VARTAGLES IN four CRUUT 9
Mg WL y = COLEF . ROYT ()
s LtLsdTy KGTyd0= MATRIX VE v RUY 1
CROUY 12,
SUBROUTINE CROUT(NVAR,Zyn] CHOUT 13
o DIMENSION X(10,11),¥(20),2(10,13),M(10) CROYT s
T JNsNVAR®L CROUT [T
= AR ROYT 6
REQD ROU
2 X(1J)=2(1,J) CROUY 18
11140 CROUT (]
3 to= | CROUY 20
T CROUY 21
[ TESF FOR TWU OR MORE_VARJAB ROYY 22
CROUT 23
IF{NVAR=1}100,100,8 CROU 24
CROUT 25
¢ TEST OF ZERU DIAGUNAL ELEMENT CROUN 26_
CROVT 27
8 1FIX{10,001) 9,11,9 CROUS 28
9 DIVIR= x(ro.loa CROUT 29
00 10 J=10,J CROUE 30
IO X(TU, 30w XUT .xu '.'Ji?‘n_S'lv ® CAOUT 3
1103041 CROUY 32
T CTRUUT 33
[4 INVERSEON OF MATRIX CROVY 3
T 35
00 20 Isl1,NVAR CROUT 36
DO 20 J=11,JN CTROUY 37
20 X(loJim XU1oJd) =(4X{10pJ))® (XE1,5000) CROUT 3
TF (1U=JN#2)21, 22,23 CROUT 39
3 : CROUT 40
T SIGNAL FLAG TO INDICATE SOLUTTOR NOY POSSIBLE CROUT &1
3 cagut. Y
723 SINSE LIGHT 4 CROUT a3
GOYO 50 cRout 4
21 [D=10*L CROuY 45
GO 10 8 CROUT 4
0= 10 *1 tib"r‘—"u 0
c CROVT a8
T TEST FOR ZERO DIAGONAL ELEMENT' CROuT™ 9
[ crout 50
TFUXITO, 1007 24411424 CROUT 51
¢ CRrOV? 52
[ SIGNAL FLAG TO INDICATE SOLUFION NOF POSSISLE CROUY 53
3 CROUT 54
. GHY_3 CROUY s
GO 10 50 R 56
26 _DIVSH = X(1D,0) CROYT 57,
[ CROUT 58
€ INVERSIUN OF MATRIX CROUT 59,
4 CROUT 60
[} -
T 25 X(10,3) wX{[U,JV/DIVSR CROUT 62
KsNVAR CROUT 63
Y(K)* X(NVAR,JN) CROUT 64
126 1F(K~1)1150,150,26 CROUS 65
6 K =k=1 CROUT 66
YiK) = K{KyJN)
Ji= K¢l CROUT [1]
00 30 JsJ),NVAR CROUT oY
30 V(KD = VOO~ (XTI, D16 TViTN CROUT
GO 10 326 CROUY 7
0 RETURN' CROUT T2
00 1 X 13
TVIDE CHECK L1, 50 GROUT T4
150 l_F CITCIR) 151,151,200 CROUT 75
CROUT 76
[ _COEFFICIENT STORAGE 1N OUTPUT VECTOR CAQYT !
< CROUT 78
0 35 = AR RQUY 9
2 W) = Y1) CROUT 60
6O 10 251 CROUT. a1
200 LU 201 1 =1 NVAR CROUT 82
‘20t Wil)e WiI) = Yif) CROUT 83
CROUY [}
JEST FOR SAT Y RUYT
ROUT o
mucrn-anzsx,so.so CROUT, 8t
T 251 ITCTR = ITCIK +L CAOUT (1}
00 152 1 = 1,NVAR LROUI 1)
00 152 J = 1sNVAR CROUT 90
X = 9
w 153 1 sLsNVAR CROUT [
dN) = -l.u o L (1,4N) CRUUE 93
153 J = Lo WVAR CROUT 94
153 x(__,_.m) L] !ll_,JnN (Xtlgd))e tMid}) CROUT. 9"
chOy) e
CROUT 97
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SUBROUTINE FSC1

— DATA CORD INPUY
C1__OATA CARD INPU KOUVINE FOR FUANE 0 T
SYBROUTINE_ENPUT £sc] 2
—_T!on'nnn INTy UEC, ICy Jily J2y J3s NIN, WEX FSCl 3
MEN! NT KARRAY P [ 4141 4
N = NIN FSCl 5
A _NUMOCP =3 ESCI 6
KPASS w0 FSCl 7
401 _RPASS _wKPASS+L FSCY 8
T CALL VOECOM(NUNDCP, KARRAY, PARRAY,KPASS) FSCl ]
' [
| = KARKAY(1) rs%‘_x 19'1
1C =t FSCI 12
1 = 1/1600 FsCl ¥
1EL_1C) 40205 &, 4020 £SCL 1
4020 J11 = KARRAY(2) £SC1 15
J2% KARRAY(3) FSCI 16
NUMDCP = J2 + 1 FSCI 1
GO _10 401} FSCl ig
4HS UQ 406 Jelea2 . FSCIT 1y
£06 LUTIJ} » KARRAY(J) £SCI 20
"" J3 sKARRAY(JZ2¢L) FSCl 21
NUMDCP = g3 £SCl 22
GC V0 401 FSCI 23
410 DU 412 J=1, J3 FSCI____24
412 DEC(J) = PARRAY{JD FSCl Ity
NEX s L FSCl____26
U T0 { 50, 6014 NIN FSCl . 27
49 NIN = ) £SCI 8
8 1L te FSCL 33
80 IF{ IC - 1000} &) 49, & Y
T ENO FsCl 31
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o

""SUSROUTINE VDECON '"—"'

T'SUBROUTINE VORCOMIN o KARRAY:P  ,KPASS) VOECON

by
DINENRSION_P(10). VDECON a
OINMENSION TDUMNY(30), DUMNY(30) j vORCON 3
LMENSION KNI
XOUTST(T2), AOUTPT{T2) VDEC O )
~. COMMON JOUMNY, IPLUS, ININUS, IDECPT, 1COMMA, 1€, IOLANK,  VDECON ... 6
1 KINPUT, NUNDCP, PARRAY, 1, L, NEX, ML VDECOM
- uulvu.:nc! | DUMNY,..LOUMNY ) LT —
.mus.lnwl.uulm.mmh Im'hlw". YOECOM L}
VDECOM 10
ul»uv. mmm. uwvn. KOUTPT) VDECON 11
e REWINO S . . e e e VOECOM_._12
NUMDCP = N VDECOM 13
______ NEX o1 .. — e e e e VOECON ____ 14
Nl =} VOECOM [t
Lol e VOECOM 16
GO TOU 1,104 50), KPASS B VOECOM 17
j— TS VDECOM____ 18
[ SEY u' cmur.ms  FOR LATER TEST VDECON 19
o — 1T VOECOM ___.20
s ANINUS = 406060606060 VDECOM 21
ECPT = 3360406040 VOECOM 32
) conn = 736060606060 ' VDECOM [T)
s___. _=.256060 0 DECON ___ 24
] lum( = 606060606060 VOECON 23
. ©___ . READ ALPHANUMERIC CHARACIERS VOECOM.._ 26
S READ INPUT TAPE 2,1000, (AINPUT(d)edeleT2) VDECOM 271
I=1 VDECOM. 1
GO0 T0{10, 10, 50), KPASS " VYDECOM 29
. €.__ . OECOMPOSITION OF IVTEGERS VDECON .__ .30
10 DO 21 N = N1, NUMDCP VOECOM 31
. .NlL =N VOECON .__ 32
c SEARCH FOR_START OF NUMBER VDECOM 33
F_{KINPUTL]) = JOLAMKL 102, L1, 102 VDEC! _
102 IF (KINPUT(1) « ICOMMA) 12 o L1, 12 VDECOM 38
- 11.1= 14} e VDECOM.___ 36
IE{ 1 =72)101,101, 5 ) VOECOM 37
e SELECT INTEGERS.. . ... VOECOM ____ 38
12L1=1 VDECOM 39
M0 - YDECOM ___40_
DO 20 Jel.6 VDECOM a1
KOUTPT(L) = KINPUTLI) VOECOM ___42
IFL KINPUTEI) - ININUS) 122, 120, 122 VOECOM &3
122 1FL KINPUTLT) .~ IPLUS) 123, 120, 123 VOECON ___ 44
120 W » | VUECON 43
123 L = L & 1 YORCOM __46_
Is Jo) VDECOK 47
. IF{RKINPUTEL) =IBLAMKII2L. 013 o020 VDECOM ... 48
. 1% IFUKINPUT(T) -ICOMMA) 20 413 4. 20 VDECOM 49
K1 RIGHT ADJUSY IN FIELD.. .. ... VDECOM . __ 30
. 13 IFL J=6) 14,21016 VOECOM 51
—14_KO0.® J.= N VOECOM . 52
i eee. DO.A5.K.® Lo MKDO__. . ... VOECON. . 33
L2211+ 6-K VDECOM 54
WL S — MOECON . 83
18 KOUTPTL L2 )= xoonn ) VDECON [
RN R Y Y VDECON _ _ 57
XDO = 6= ¢+ M YOECON L1 ]
e RGO W LN . VOECOM .. .59
D0 16 K = KGO, loo © VDECOM 0
146 0 L1 o K =} VDEC L
16 KOUTPTL L&) = O YDECOM (%]
I G R .- IIIIII‘M____.’
20 CONTINUE VOECOM I
oeme2)l CONTIMUE . VDECOM __ 63
1END = 6 NUNDCP : VDECOM %
£ WRLTE_ALPMANUNERIC CMARACTERS VDECOM____67.
WRITE OUTPUT TAPE $,1000, LAOUTPTIS), Jule 1END) VDECON 60
e . REWIND S. VOECOM___..69
c READ INTEGER LIST VOECOM 10
e . READ INPUT. TAPE 35,1001, .4 2405 _dw) o MUNDER) . VOECOM ... 71
RENIND 5 VDECOM 12
40_RETURN : - YDECO
30 CALL OECOCP VOECOM 74
v NEX = NEX . VOECON .75
GO TO(30,5), NEX . yoECcOoM 76
— 0 TRV o z VDECON ... 77
3L P(J} = PARRAY(J) . VOECON 14
tTE VOECON [
1000 FORNAT(72A1)
1001 FORMATILRIG)... VOECOM ... 81
N0 K voecom [t
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et T “SUBRDUTINE  DECOCH

——ee e ELOATING SOIME IMPUT DATA DFCOMPOSITLION

SUBROUT INE DECOCP [ {4014 1
o -COMMON_10UMMY 4. IPLUS, _ININUS, IDECPT, 1CONMA, LE, 1SLAMK, DECOCP. 2
1 KINPUT, NUMDCP, PARRAY, 14 Lo NEX, N) pecoce 3
B QUIVALENCE | 1 P A
EQUIVALENCE {AOQUTPT, KOUTPT) oEcocP S

DIMENSION AOUTPTUT72), KDUTPTLT2), PARRAY.LLO0L o KINPUTEZ2Y  DECDCP ¢
DéﬂENSION IDUIHNJO). DUMMY (30} 7
..... NEX » NEX — e ma

ML

e 60101504 5 Lo NEX

[ DECOMPOSITION OF DECIMAL AND EXPONENTIAL NUMBERS

C—. . LINIT DECOMPOSITION. JO. 6 NUMBERS _ _ ...
0 IF(NIMOCP ~6)503,503,502

-.—502._10EC = e e ey e e

lEND = ll'lOEC
£0 .10 _504.

503 [OEC = NUMDCP

= . -1ENO w 12¢ NUMDCP
304 IF(1 =721 51.51.!05

...505 NEX = 2 .
60 TO 300
31 NEX.m _1
00 xoo N= N1, IDEC
T
3 SeARCH FOR STANT ‘OF WUNRER
510 IFIKINPUT(I)= IBLANK)_.52, 53, 82
52 IF(KINPUTI1)= ICOMMA) 54, 53, 54
- 1 ¢ 1 DECDCP 28
IFL 1 - 72) 510, 510, 505 DECDCP 29
B4 ML = N DECDCP .30
STORE NUMBERS UP TO DECIMAL POINT gecoce 31
_ 841 IFIKINPUTLL) - 1DECPT)_S55,. 65, S5 okcoce. 32
58 KOUTPT(N} » KINPUT(1) DECDCP 33
=1 +} DECDCE 34
Ma M 41 - DECDCP 35
.. 60 TO 561 : DECOCP ___ 3
[3 TEST FOR END OF NUMBER OK EXPONENTIAL DECOCP 37
_.60. 1F{KINPUTIL) = IE ) 61y 70,61 DECOCP 38
81 IF(KINPUT(I) = IPLUS ) 62¢ 70+62 DECDCP 39
— 62 IF(KINPULLLL = IMIMUS ) A3, 70a63 : DECOCP ___4Q_

63 IF(KINPUTLI) = ICOMMA ) 64, 64 DOECOCP 41

. -68. IFIKINPUTIL) —_ ISBLANK_)_465,..80065 DECDCP ____42
STORE DECIMAL POINT AND NUMBERS . DECOCP 43
e 83 ROUTPTIM) = KINPUTLLL DECOCP..___ 46
I= J+1 N DECOCP 45
Ma_Mel DECDCP. res
G0 10 &0 . OECDCP &7
c_ COMPLETE EXPDNENHAL,HELD.JNW DECOCP __ _48
70 LOO = M) ¢ DECOCP 49
00 71 Ji= H. LoO — - DECOCP .. S50
71 KOUTPT{J1} = O . DECOCP s1
—H =Ml o+ B DECDCP 52
Ceeee . STORE E IN LOCATION.9. . . . . _ . DECDCP... 33
KOUTPT(N! = IZ DErDCP 54
IECKINBUTLL)= LE) 73,72,23 DECOLP (13
T2 I= 141
€. . TEST FOR SIGN OF EXPONENT.
73 IFIKINPUT{I)=ININUS) T4¢ T6,T4
< —TA IFIKINPUT{I}~IPLUS ) TS5, Té.o 78 DECDCP___. 59
TS5 KOUTPT(Mel) = IPLUS OECOCP 60
———50.30 .21 DECDCER Al
14 STORE SIGN ) DECDCP 62
—J6 KOUTPT(M+L) = KINPUTLI) . . OECDCP ... 63
I=lel DECOCP 64
iy TESY FOR END OF EXPONENT __ 2 DECOCP . 65
T IF(KIN’UNIOI) = IBLANK} 78, 79. 78 OECDCP (13
PO IFCKINPULLLe1) = ICIMMAL T91,79 4191 DECOCP. b7
79 KOUTPT{N+2) = O DECDCP (1)
——— KOUTPT{M¢3) = KINPUT(E) .. .. DECDCP __ .69
G0. 7O 792 DECDCP 70
——.. 791 KOUTPT(H+2) = KINPUT(I)...._.
KOUTPT(M+3) = KINPUT(L#L)
_z’l_ll__l_" DECOCR I3
M= ML+ 12 DECDCP T4
- G0 TO 100 DECOCP 75
(4 COMPLETE DECIMAL FIELD oEcocr 76
-. 080 LOO = ML ¢ 21 . .. a DECDCP 77
DO 81 J1 = M 4 LOO DECOCP 78
—— A1 KOUTPLLIL) = .0 ‘ DECDCR. 19.
M= M e12 ' DECDCP [ ]
~ .-100 CONTINUE. .. - DECOCP ___.81
c WRITE ALPHANUMERIC CHARACTERS . . QECOCP 121
.WNRITE OUTPUT TAPE. 35,1000, (ADUIPT(J}, ink, 1EMD) DECDCP __. 93
muunocr - IDEC ) 201, 201, 200 DECDCP 84
DELDCP 25
Nl - Nl +1 DECDCP %
o [END = 12e(NUMDCP -._6) DECOCP .. 97
10EC = NUNDCP OECDCP [.1)
GO TO 504 b e o —— DECOCP.— 89
lol RENIND 5 ‘DECOCP 9%
L READ.DECIMAL AMD. _EXRONEMEIAL LIST DECDCP. 91
READ INPUT TAPE 35,1010, IPARRAY(J)odnly NUNDCP) DECOCP 92
REWIND [P OECOCP ... 93
300L » M OECDCP %
RETURN e e e - DECDCP . _ 93
1000 FORMAT{T2AL) DECOC %
1010 FORMAT.ISFL2.5) DECOCP 9T
(10} OECOCP ”
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PCRSANTO AESCARCH CCRPCRATICA FLAME SPEED CALCULAIICA -  ROUTINE 2018 MOCIFICATICN | AUN 735 CAtE $/%3/68
P i st T T Vi UV .

FUEL NAVE TN ISTTONS USHD
o PYEROBEN . . e e el e e et e e e e
o eeen- FUEL.CLASS_NUMBER . € . FUEL GROUP MUFBER..__ ... 0 _._ _ ... FUEL NENBER MUPBEA___. 0 . —
i amceee ~CATA SCURCE.NUEBER ) EXPERIPEATAL CCNCITICNS.AURBER 1 .
BLAME VELOCITY AT SYOICHICYETRIC CCNCENTAAYICM RATIN 0 CH./SEE.
e MARIPUE _ELAME_VELOCITY 0. . CRJISEL .
JFUEL. CONGENTRATICN AL SICICEIOPETRIC CCNOILICHS 0 MCLECULES/CC,
SUEL CCACEMIRAYICK AL CCNDITIONS CF MAXIPUN WELDCLILY I ) MCLECULESZCE
EQUIVALEACE BATI0 AT MAXINLE ELAME SPRED . n,
_,_______xnuu_:munu{cueunn_______.__wnu.of..couruuum§ :g: MOLECLLE CE Pum
2 llmn
] 3.000
a2 2.000
4 44000 ,
—S 5,000
. 62000
2 2.000
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EXPERIMINTAL CATA
PIKILRE IEPPERATURE  25.0 0EG. C. TT 7 PIXTURE PRESSURE  760.0  FN. PERCURY

ATCKS CF OXYGEN 1C CCMPLETELY txwu: CKE PCLECULE OF FUEL 1.00

PCLE FRACTICA CXYGEN IN GXTCANT ~  0.21€0
TUVCLUME PEN WE

F FLEL CC. PER GRAM-NOLE ~

FLAFE FRCNT CINENSICNS

AUN
T3S PEAK HEIGHT (FEASUREC LNITS) 63.00
. 1 2 2 4 [
CIAVETER (MEASLRED) 41,6CC  3C.CCC  21.CCO 14.000 $.500 .
e FELCEY lCl.l o. €a20C0C _C.4CCLO  C.4000C 0.0C0C0 Q.”lli -
CIAPETER (CNM. 0.61538 0.45C28 0©.31520 C.21013 0.097%6
ACTUAL_LENGYH tE.REFElEuCE,_ - 40000C_ LM, __ ... PEASURED uncru_:r_ufnm; __zudncnn__unux______
£0
STATICA H'EISI.R!N 4
CEAPETER (MEASUREC) ___ . Ac.iCC. Jo;mn__zl,qeo .33,500 .
FEIGHY ({4 9] 0 0.20CC0 0.4CCCO (€.60000
CIAPETER {CM.) 60788 C.45C28. 0,31520 (.2026). 0.,09754.
SCTUAL LENGTH CF REFEIENCE 4.CCCCC (4.1 PLASLRED I.EAG"\ cF REFEIENCE 266.50C00° UNITS
737 PEAX HEICHT (REASURED'LNITS) £5.00 ‘
+ « = . SYALION__{MEASURED) 1 2 3 4 s R
CI1APETER (MEASURED) 42.0CC 31.C00 22.CC0 15.000 $.000
e ELGEL ({4 M ] €e2CC0C _C,4CCCO. 0.6000C. 0.80000 0.98299
C1AMETER (CH.) 0.6351¢& 0.46€01 0.33270 C€.22684 0.12098 0.
iR.
T38 PEAK HEIGHT (PEASUREC UNEYS) _ 13.80 —
STATION (MEASURED) 1 3 4 L] L]
CIAMETER (MEASLREDR). __ 42.CC0. . Jz.mc__-za.ooo_._u 000" ..11.500. 5.500 -
rEIGHTY (Cha b 0. 0.2€CCC  0.4CCCO c 60000 "0.80000 1.0000C 1.09981
1518017326  0,08286 0
ACTUAL LENGTF CF REFERENCE 4.0000C cr, PEASUREC LENGTh OF REFERENCE 265.50C00 UNITS
739 PEAK MEIGHT (MEASURED LNITS) 73.00 .
_ STATICN . {PEASLRED) _ 1 2 3 JUNPRE. . 4 - . -
l:lll'tltll IHEAS\.I\EN Al.SCC 32.%500 25.CC0 18.50C 11.500 5.50C
1 (LN 0.20C0C . €,4C0C0  0,£000C__0.800QQ  1.00000 . 1-113.9.!L
TIAVETER (Ci'.l o.ezsu 0.48564 C.37665 C.27872 0.17326 0.0828¢
o - . MCTUAL LENGTK GF REFERENCE.. .. ... 4.COCCC__CM. ... FEASURED LENGTh CF Rtﬂlﬂlti .. 265.50000 __UNITS
160 PEAK FEIGHT (MEASUREC ULNITS) 75.C0
- STAUICA (MEASLREC) . _ 1 2 3 4 ] € .
CIAMETER (FEASUREC) u.scc 34,00 26.CC0  19.00C 12.500 7.000
HEIGET | (CV.) . 0.2CCCC  0.4CCCO  C€.40C00 0©.8C0C0 1.00C00 l 12
CIAVETER (CM,) o.enls C.5C652 0.38734 (.28305 0.18622 0.10420
UAL_LENCIE CF REFERENCE 4. CCCCC  Cp, PEASLRED LLNGTH_GE HEFEMNCE__ 2068,50000__ umNiYs__
741 PEAK HELGFY (PEASURED LNITSE . 77.0Q . o o e o . . R L ——
STATION {PEASURED) 1 2 3 4 5 [
CIAFETER {(PEASLRED) _.. . 43.0CC 36.€00 21.C€C0 21.000 15.0CC .8.50C . o aem
FEIGHTY tCM. ) 0. C.26C0C C.4CCCO  C.60COC 0.80000 1,000CC 1.15140
£32 0.40378 (.31402_0.22430_0.12710_ Q.
ACTLAL LENGTH CF REFERENCE 4.000CC ChHe VEASURED LENGTh CF REFERENCE 261.50C00 UNITS
742 PEM HEIGHT [VEASUREC UNITS) €8.Co
e STATION __IMEASURED) 1 2 = | 4 5 'y 2
CIAMETER (PEASURED) N.CCO 37.0CC 30.500 24.000 17,560 13,000 7.000
FEIGET (LML) C.2C€C0  0.4L0C0 C€.60000  0.800CC _1.0000C 1,2
CIAFETER (CH.) 65545 0.55121 0.45438 C€.35754 0.26071 0.19367 C.1C420 0.
. o ACTUSL_LENGIK. CE_.&EFERENCE__,A..BO 0C___ CM. . PEASUREC_LENGTH OF REFERENCE. _ 262,50C00 __ _UNIIS
. . RUN FUEL_FLCW. . . DXIDANY FLOW... MOLE FRACTION .. VCLUME. FELCW_ . . CCNE_AREA ._FLALE._SPEED_.____ EGUlVM.EM:E
1CC./SEC) {CC./SEC) INHIBITOR {CC./SEC) 1S¢. CM.) (CM./78EC
1 127 Da 231,.9%741 0.RULL0 254 Illiﬁ l.ntnﬁ
136 $1.400CC 137.3CCCO 0. 249.64099 0.098%9 217.88917 1.58499
LAY M0.6CCCC  137,3€€CC 0 Q. 267.32434 _ 0.91310 . 274.74470  1.06592
738 124.0CCCO 137.3¢C00 Ce 205.22602 1.09941 259.43950 2.15031
J118  124.0CCCC . 136.8C0C0 0 27376458 ~LaACBCQ  247.07953 S 232030
740 124.00CCC 116.5CCC0 0. 262.52146 1.15200 227.86642 2.3342)
134 2.78002
42 124.00CCC 26.0CC00 0. 229.22972 1.43%02 159.2C607 3.43%00
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PLOPE SPEEC CUNVE

. CCEFFICIENTS STANCARD ECUTVALENCE RATIC NAXE N
—} M GEVIATICN,  AJ MAX FLAME SPEED..  FLANL SPRED___
«2.4707¢ C2 T.904%¢ C2 =3.2718¢ 02 4.16568 OL 1.5729 1. 72280 278.0488
RUN SQUIVALENCE REASUNED PREDICTEC OEVIATION PERGENT
s 1.3€41 24,7318 295.3638 =0.6324 =0.2476
134 | LA I p— ] . 7Y (20 L S——
m 1.8¢39 274,7147 2715.0816 =le1689 ~0.4230
2] LT 8. 240 =1a8244 =0 3444
39 2o 3204 241.0798 246.2192 0.80C3 0.32%0¢
Jaa 221.0004. 22848501 la2143 Do 2044
741 3o 70CC 201.9387 202.2344. ~0:4737 0,358
A2A0. 158,2041 129,1984
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L T S ST

- o
DATA ACCEPTABLE o o -
) T ue, warE T INFIVITORS USRE
JHYERGGES . . L L . e e ..
——BUEL CLASS NUPRER € FLEL GACUP AUMBER ' BUEL MEVOED MUMRER 0
e GALA_SOURCENUMRER 1 EXPERIFENTAL CCNCITICNS. NUMBER_. L
o e BLAME. VELCCLTM_AL.STCICHIOPETRIC .CCNCENTRATICN RATIO.. .. 203.88C1 e CRISEE

e PANAPUN ELAME NELOCITY 70,0808 CH/SEG

FUEL. CONCENTRATION AT STOICHIOMETAIC CONOITICNS... . .. _ 0.720220E.19 MOLECULESICL.
e SUEL_CCNCENTRATION AT _CCNOLYIONS. OF NAXIPUP WELCCRTY __

0e103363E 20._.. _NOLECULESLCL,.
1a72208

e R GUINALERCE BATIO AT MAXIELY PLAME SOEED
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APPENDIX B

Fortrar rogram and Sample Printouts
for Routine FSR



- - -y

ROUTINE FSA

——W o

s62-11% 10600 7T 0.8. MRCT&IT RINGAOSE 140 T
. . : PiR 2
0 VM TABLE PSR 3
: \4 ~_DAYION MARCH 12, 1962 “5 IS

"n
NOMENCL ATUR| ™ .
AL FSR 7
£ COG LK, KUV) = NPUT LIST OF PRESPECIFIED CONTAISUYOR (31 .
g ' COEFFICIENTS . j Jssn 9

L) -4

i 8‘&7 T PLANE SPEE !H 1
c ONM(K) - NAWE LIST OF u;-suoeur VARJABLE COMPONENTS X1 12
C mc.un - mmnn FULL usr os cnumwmn COUNTS rsu u

% FNl AND [ - FIKST AND SECOND NAI.VES OF FUEI. NAME (ON TAPE] FSI( lS

FN2LIN = FIRST AND SECOND HALVES OF ACCEPTED FUEL FSR 17
(3 AMES L1ST (A1) 18
[ GRLTJ}Y = INPUT. TAPE LIST OF CONTRIBUTOR NAMES FSR 19
[ 1 = DATA_SERJAL NUMBER X i ESR 20
[3 ICFN ~ FUEL CLASS NUMBER (ON TAPE) 4 FSK 21
[ = P /
C UEL MEMBER NUMBER (ON TAPE] FSK 23
[4 1NDS ~ DATA SOURCE NLHBEI_l_lM_L_—__r_______F;_I 24
[ INEC = EXPERINENTAL CONDITIONS NUMBER (ON TAP| FSK FE]
c 1PCFN = NUMBER OF ENTRIES IN_INPUT LISV OF ACCEPVABLE FSR 26
C FUEL CLASS NUMBERS FSk 27
(4 LPCYC = OF ENVRIES JN INPUT T OF TIONA .
[B TEST CRITERIA Ty 29
[4 1PCTC) ~ NUMBER OF CONOITIONAL TESTS ¢ 3. ESR 30_
' 3 TPDY = NUMBER OF OEPENDENT VARIABLES 1O BE REGRESSED FSK 31
< 1PCGE = NUMBER OF ENTRIES IN (KOVITH LIST OF ~~ FSK 32
[ passvecmeo coesncwuls FSK 33
PGF = ®_OF £ _A
FUEL cuss-enouv mmueus FSK 35
[ 11 . = NUMBER OF DATA GROUPS ON_TAPE 2 FSK 36_
3 PIGTA = NUMBER OF DUAL ENTRIES IN INPUT LIST OF FSR 37
[ CONTRIBUTUR TESTS ESR 38
[ LI < WIGHEST VALUE OF CONTRIBUTOR NUMBER INDEX FSR 39
PLA = NUMBER OF DUAL ENTR N_INPYT &
INTEGERS O OVERRIOE REGRESSTON CON FSR 41
¢ DATA FSR a2
4 PN = WUMBER OF INDEPENDENT VARIABLES FOR REGRESSION  FSK 43
c 1PNC = NUMBER OF PRESPECIFIED COEFFICIENTS IN ESR Y
4 REGRESSION DATA FSK 45
4 1PHEN = uymat_g_s_;&m_w_u_u_\;m‘gr_‘ H.s 44
[4 UNACCEPTADLE FUEL MEMBER NUMBER! [Y)
3 1PN ~ NUMBER OF ACCEPTED DATA_ GROUPS EOR uegu;; A8
3 IPREL ="NUMBER OF ENTRIES IN INPUT LIST OF u:uw. rsu 49
[ DAYA 10 DVERRIDE REGRESSION lsu su
[3 TPSFN. <~ NUMBER OF ENTRIES IN [NPUT LIST OF Ar. eruu
¢ OATA SERIAL NUMBERS' . rsn sz
[ ISFN = DATA GROUP SERIAL NUMBER (ON TAPE) PSR ‘53
14 J ~ CONTRIBUTOR NUMBER INDEX X 54
[ 85
ME, AND N = INDICIES 0
3 JGIN = CONTRIBUTOR COUNT TEST NUMBER FSR 57
3 JINTIT = CONTRIBUTOR STATUS FSn (1)
[4 (-1 ~ POSSIBLE, O - OMIY - __ESR 59
[ 2 - mcu.uo: "'(:nernclsnt nl_ﬁ"'%&{f———:sr CIFIED — FSK 60
[4 5%’-5 ~ DEPEND X (P [ 6
2 v = D renosur vnuns DENOMINATOR 1D ) K oz
s FSR
E KON - nerenosuv vmuus NUMERAT o‘a'_ﬂ_rl———‘wenn CATION FSu 64
ESR 65
3 KSFE = osvmnsm VARTABLE SCALE nuou eurouenr FSK 66
CCCNEN - T _OF AGCEP NTR HAVING R 67
PRESPECIFICO R 68
[ LCFNIX) ~ INPUT LIST DF ACCEPTABLE sun CLASS NUMBERS FSR 9
GCENTK,KDV] - INPUT LIST OF CONTRIGUTOR CODE NUMBERS HAVING  FSK 10
c PRESPECIFIED COEFFICIENTS F3R 71
(4 TCICIKY = INPUT LIST OF CONDITIONAL ‘re‘s'fﬁTE FSR L]
c LOVDIKDV) = INPUTL ust OF DEPENDENT_VARIASLE DEN A FSR 7
¢ NUMBE! R 0
[ LDVN(KDV) - _INPUY usv OF DEPENDENT_VARIABLE NUMERATOR FSR 15
T NUMBERS . ¥ 76
[ LEGCCNIX) = INPUT TAPE LIST OF CONTRIBUTOR CODE NUNBERS FSR il
] WAVING POSITIVE COUNTS FSR 18
LGENC oK) NPUT LIST OF ACCEPTABLE FUEL GLASS-GROUP F3R 19
UMBERS R []
[ LGTNGJ) = PULL LIST OF CONTRIBUTOR COUNT TESY NUMBERS FSR TS
[ 10 - ORITy 1 - ACCEP Al W [F]
c COUNT Nm zsno. 3 - RE.IECI’ GROUP |F Count PSR- 83
T AL FSk 64
[3 LIGTEMIK) = _INPUT LlSl or CONTRIBUTOR NUNBERS HAVING COUNT FSR a3
0 G
3 LIGTNIK) - INPUT LIST OF CONTRIBUTOR COUNT TEST NUNMERS SR a
t v PUT LT1ST OF NUMBEK NTRY PAT ‘uW'_—;s e
¢ PRESPEC I F1€D nsuessnon COEFFICIENTS
T TIVERTI = LIST oF_CFTE'—Ac 0 INDI
’ UMBERS
0 - L Ui -
[ MEMBER NUMBERS
= PTED DA L NUR
[ LRC(KY = INPUT LIST OF OVEARIDING INTEGER REGRESSION
t j CONTROL O,
ACCIK - # INTEGER REGA ATA
- - L
C " = INDEX OF ACCEPTED CONTRISUTORS wiTHOUT
4 PRESPECIFIED CL
3 M - moex UF_ACCLPTED CONTRIBUTORS WITH 1)
3 - pogs ot aceerito ours cuoues He o
- c X OF ACCEP
4 EB! - 4 !
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ROUTINE FSA

(CONTINUED)
; - T, N LU,
[4 1 0 - ALL SOURCE ‘g,guuﬁc FSR 108
3 102,ETC - o»uv RCE PTASL FSR 106
- PTA XPERIN u 1 M PSR
3 Lo 24ETC ~ ONLY soun £S_ACC 4
3 NOL (K) ="COLUNN HEADINGS FOR INDEPENDENT Eou’ﬁw?ﬁ! —FSR |
4 TJABLE e FSR_ 1L
[3 NRCTIK) STINPUY LIST OF GVERRIDING INTEGER REGRESSTON FSi
(4 A_INOICIES F£SR 113
(3 NIER = RUN NUMBCR FSR~ L14
3 NNZ(X) = CUMY _;_u_tg SUM_OF NON-ZERQ VALUES OF FSk__ 115
4 . ONTRIBUTOR COUNT INDEX (K) PSR~ 116
3 NE(K) ;y_u._,u_xlg ;g g ;g VALUES OF CONTRIBUTOR ESKH__ 11T
C ' FSR 118
. : 9
GNL =~RANES OF ACCEPTED CONTRISUTORS WITh FSH 120
[ ESP 1€0 _COEF FSR__121
4 GPLIRT = UIST OF INDEPENDENT CONTRIBUTOR COUN FSR 122
c PEAIL - REGRLSSTON VALIDIIY INOJCATOR FSR__ 123
4 "1 0.0 - ACCEPTABLE, 1.0 - UNACCEPTABLE T T FSRA 124
RS = L]ST OF DECIMA ATA F 5
_i___ﬁﬂm_____k.lie.' = OEP uo’i‘?‘n v*uu'_ﬂue %‘EW& H‘r?ii"———-—ri%- 1“26‘
[ ; COEFFICIENT ADJUSTMENT) FSR__ 127
[ FHAX(K) WAKINUM ABSOLUTE VALUE OF ¥ ENCOUNTERED  FSk  12s
I3 FSR__ 129,
COMWON ml. oec. TC, 311, 33; J3s NiN, NEX FSk 130
DIMENSL DECLL0 FSR
GIRENST N oclso.wt. CCCJT2001, 0161, ONA(6], FGLJIZ00], Fgu' uuz'
L FGCLIY0), FNILE300), FN2L(300), GNL(200), OCGNL(30}, FSR__ 133
2 UGNLULO0U), OPLI5T)s RCCLID), YMX(10), FSR 134
3 JINE200), LCCCN(50), LCFN{20), ch._c,cmso.xoi. LCTC(®), FSR__ 135,
& LOVD{10), LOVNILU), LFGCCNIv0), LGFN{2,40),y LGTN{Z001, FSk 136
NLS GIN{5U [ N{100), LMF [ 37
€ LOKSFN{30U), LRC(L1), LR Uy LSFNI300), NNZI9V, v FSK 138
T NRCI(11)y N219), COENt 1001 FSKk___139
3 FSH 140
c SETUP_OF COLUMN' HEADINGS FOR |NDEPENOENT CONTRIBUTORS VABLE FSK__ L4t
T FSR 142
DU 19 Kel1y10 ESR__ 143
19 NOLIK) = K=1 FSR 144
PFAIL = 0.0 FSR___ 145
REWIND 7 FSR 146
REWI FSH_ 147
KEWIND & FSR 148
ESR L6Y
‘E——ssiuv——ﬁua “SCALE FACTOR CALCULATIONS - SR 150
ke ESw__ 151
70 00 21 K=1,10 - FSK 152
21 YMX(K) = 0,0 FSR___153
T FSHK 156
C Z1uP QF = - s
-1 PUSSIBLE, MT 1 " FSR~ 156
% 2 INCLUDE (gossncunt rngsrtctﬂg ) FSn 187
FSR 158
=] 420 . [ 9
JINGJY = -1 FH (]
[ : FSk 161
N _asan AND PRINT INPUT DATA FSR 162
3 GENERA FSR__ 163
g FSR 164
I_CARD KEADING F 185
T v r?!_n 166
READ_(NPUT TAPE 2, 1001 FSR___i6T
FSK 168
¢ J. CARD_READING FSk__ 169
FSKLT0
READ_(NPUT _TAP 00 FSk 7
B - L_IAPE 2, 1000 F g_a 172
c K_CARD READING FSR__ 173
FSk 174
READ INPUT TAPE 2, 1000 FSR___175.
——"5—“_‘“—_—'_u SER, POV, TPSFN; 1PCFN, TPCFN, TPRFN, NDS ,NEC, IPIGIN, —FSRT 176
IPCTC, IPRCL, IPLRC, IPJy LASY FSR 177
t OUIPU ure 3, 1010, FSh 178
FSR___ 179
uoure BUTPUT nr: 3, 1001 FSR 180
WRITE OUTPUV TAPE 3, 1013 . FSK__ 181
— % WS ‘E‘u.'_w"ﬁ'v‘. l"'u_. WbS, NEC, TPSFN, TPCFN qu 182
WRITE OUTPUT m-z 3 FSR__ 183
. ] . . Le FSR TLY
c FSR__ 185
~€ " TEST FOR NO ENTRIES TN DATA SERIAL NUWBER INFUT LT3V FSR 186
c FSH__ 187
T IF TTPSFNY 24,30,25 :su L6y
4 vmse REMOVED SRk 189
UE FSk 190
< FSR__ 191
€ L CARD READING FSR 192
[ . FSR__ 193
“"Ts"uno TNPUT TAPE 2, looo. FSR 174
PSEN) i 9
Ul TAPE R 196
. unue QUTPUT TAPE 3, 1030 FSR__ 197
—g e TUSENTR) Ko T, TPSINT - FSH— 19y
¢ FSH_ 199
€ VEST FOR NO UNTRTES TN FUEL CLASS WUNBER TNPUY LTSV :su 200
[4 R
“STYCTETIPCENT 28,3231 14
1 - FSn_ 203
€W CARDTREADING FSK 204
L. . FSR___208
T KeAD TNPOT TAPE 37" 1000, FSK 206

N{K)Kn Lo [PCEN) g3 co!
——rrrrmvm“'t%ﬁtu P TIT j F <08
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ROUTINE PSR

_ WRIT TPUT_TAPE 3 IF 209
9 (LCENIK) oK R 210

NYR - (Y

PSR 213

32 TF TIPGFR) 24,34,33 FSa 214

3 2AS,

N CARD READING SR 216

NP TRV

L) (Lcmu,n.ggﬂqg. Yoksmiy [EGENG FSR__ 219

WRITE OUTPUT TAPE 3, lou FSR 220

WRIVE_OUTPUT TAPE 3 40 FSR___ 221

9  (LGFNI |.ui.t‘c'|='n'«i.ur.'u‘-l.ivi'r‘m FSR— 222

—E——Tm-rurn—i—rrl—rwnmwnmwm!r—ﬁl—‘i‘m [} N = R 224

FSR___ 425

34 IF (IPHFN) 24,40,35 FSR 226

. ESh__ 227

[ O CARD READING FSR~ 228
ot

INPUT TAPE 2, 1000, ré“_lun 230

(LMENLL oK) o LMEN MEN{3K) Kuly IPNEN FSK 231

WRITE OUTPUT TAPE 3, 1016 FSR 232

WRITE OUTPUT TAPE 3, 1039 __FSk 233
9 TEMFN(T K)o LWENTZ oK) JLWFNI3 oK1 ¢ Ko 1, TPAFN) 1 FSR 234

R NG ENIRI IN CONTRIBUTOR TE INPUY LIST K F;K 236

40 1F [TPIGTNT 24,55,41

[ P CARD READING

41 RCAD INPUT TAPE '
9 iL GYCN!KMLIG'N(K).K-I.I'IGYN)
WRITE OUTPUT TAPE 3, 1017
HNIIE QUTPYT TAPE 3, 1031,
(LIG’CN(KInLlGYN(K).K-ulllG"ﬂ

13
-0 ~ OMIT FSR 248
4 - 1 =~ ACCEPY ESK__ 249
(3 =72 = REJECT GROUP 1F COUNT WOT ZERO FSR 250
_c =3 ~ REJECT GROUP [F gﬁ P11 FSR_ 251
[ <4 10 9 - CONOITIONAL H FSR 252
48 Rl {PIGTN PSR

g“f- CIGTCNTK) féu Jé
— 1E (K = [PIGIN) 44,43,42 FSR__ 255
€ PAUSE REMOVED. . T OFSR 254
_42 CONTINUE FSR___ 257
I FSR 258
SET_CUNTRIBUIOR CODE NUMBER LINET FSk 259
_E————— L00s FSR~ 200
43 J2 = 10y ESR_ 281

GO 10 45 TSk [y

: ESR 6
AJUST UPPER L VERLAP NEX 1] T . ¥ 64
. FSR___ 265
4% )2 = LIGICNIK*T) = 1 K FSw 266
. ESR 267
ORE CONTRIBUTOR COUNT TEST NUMBERS IN T FSR 266
ESR 9
3 00 48 J= J1442 . FSR 516
LGIN(J) = LIGTNIK) FSK__ 271
TF (LGTN{J)) 4&6,47,48 FSR 212
[4 PAUSE REMOVED FSk__ 273
46 CONT INUE FSk 274

L) L] R

_T“ '!'nu1 *’u'luue . Eia‘" ﬁ%
: ESR__ 277
‘1_ ~TEST FOR NO ENTRIES TN CONDITTONAL TEST CATTERTA LIST FSR 278
ESR__ 279
_!F'ITT’ PCTC) éaéis.n :sa 280
1 _JPCTCI » IPCTC ¢ 3 i R I
- - ; fHu ui‘
[ Q CARD_READING FSR 283

€ - PSRk 2

28

READ_INPUT TAPE 2 FSR 285

- 3 C Efﬂm.x-t.m‘.lcn B FSR 286

RITE OUTPUT 1AP . F 87

—-—"ﬁvi f‘T‘&Y‘Tu W TFH {ﬂ,‘ ri'a_ F]
9

(LCTCIK) g Kudy MPLTCI) FSH_ 209
T FSR 290
[4 SET_UP ESSO REGRESSION CONTROL DATA FSK 291
- _ - FSk 292
NITIA WITH STANDARD VA A N F 9
FSR 94
.55 RCCLUL) = 0.00 FSR___ 295
RCCLT2) = 0,00002 FSh ™ 2v6
: RCCL(3) = 0,00001 FSH 297
FSR 294
NITIALIZE WITH STANDA| NIEGER ESk 9
R 300
DU 56 Ked,ll ) FSK 301
TELRCCLK) = | X j FSR 302,
LRCCES) = 0 FSR___ 303
LACCT10Y =« 0 Fsu MM
R K 1£4 T
€ _ FSk___ 307
T IF (IPRCLIZAs 58457 SR 308
(3 . FSN___ 309
[4 K CARD REAUING :M F1%)

ulE U ) 3
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ROUTINE FSR

. JCONTINUED)
LANE 3P GRES
R
$7 uEAn INPUT TAPE 2, 2001, FSR 314
—{RCCLK) Kn1y3) : E
FSk a6
TEST _FOR_NO ENTR N_INTEGER ST FSR 317
FSk I8
88 IF |IPLRG) 24561559 FSR 3Ly
(3 i FSk 320
AR
FSR 322
59 ll:AI.l INPUT_TAPE 2, 1000, FSR 323
NRCI (K] LACTKT oKW1 TPLRET FSR 324
_i_ FSA__ 325
SUBSTITUTE OVERTDING INTEGER VALUES . FSR 326
[4 : FSA_ 227
00 60 K=1,1PLRC FSh 320
L NRC](K) ESR__ 329
€0 LRCCIL) w LACIK) FSK 330
FSR___33)
C PRINTOUT OF ESSO REGRESSION CONTROL NUNBER LIST - :sa 332
61 WRITE OUTPUT TAPE 3, 1019 v FSK 334
WRITE OUTPUT TAPE 3, 1032, PSR 335
T 9 T TRCCLUK) JK=143) 4 [LRCCIKY jKma g1 1) FSR 336
c rsu 337_
3 SEY UP LIST OF DEPENDENT ‘v"h'uue‘c‘m! NUNBERS AND W_!'i of T FSK 338
3 ORRESPOND ING PRESP! Fsu uw
FSK 340
65 DO 67 KDV = 1,1POV . . FSR 341
T FSh 342
< T _CARD READING ESR___ 343
C FSK 344
READ INPUT VAP SR 34
) COVN(KOV) , LOVD (KDV) 4L I PCGC (KDV? FSh— 346
4 FSR 367
T TEST FOR NO PRESPECIFIED REGAESSION COEFFICIENTS FSR 344
c ESK 349
TF {LIPCGCIKUV]) 24,67,66 FSk 350
6 1P = LIPCGCIKDV) F ;
4 U CARD ASSIUNMENTS
C
660 CALL_INPUT
We 0
LIMLY = 10e]C [
160 = LIMIT - 9 FSw 358
IF § LIMIT = IPCGC) 6629 662, 661 FSR__ 359
661 LIKIT = 1PCGC FSR 360
662 DU_603 x = (LD, LIMIT © FSK__ 361
IO FSR™ 362
;gcggn;x,xup a INT{M) FSR 363
663 COCIK, XLV) = UEC(M) FSR 66
IF ¢ LEMIT - IPCGC) 660, 67, €V FSR_ 365
67 CONTINUE FSR 366
c ria 367
€ START OF FIRST TAPE 6 PASS R 368
c FSR_ 369
[ HEADING READING ‘ F!u—i‘ﬂi
c : : __ESK__3n
T—c WEAD INPUT TAPE 6, 1002 FSK— 372
sin 373
T T INGIVIOUAL GATA GROUP READING Sk 3
c FSk__ 375
READ INPUT TAPE Gy 1003, IPI FSR 376
Dtl} = 1.0 ESR__ 377
gn- go 1,1p1 :s“ 3
E e : » %u 319
3 NPUT TAPE 6, 1004, FSK 380
9 ISFNyFN1 FN2, LCEN) 1GFN, TMFN) ENDS, INEC, (O¢K ) Rn2,6) FSK__ 381
— 1 JIPFGC .u.?r.cEnuf.Fccux;.x-i.i#?.'ti FEN 382
c ESR_ 383
T~ TEST FOR DATA GROUP SERIAL NUNBER SEQUENCE FSR— 304
[ SR__ 385
TF TT - T3FN) 104,106,104 R 386
(4 PAUSE REMOVED FSR__ 387
104 CONT INUE s FSR 388
(4 FSA 389
T TEST FOR LIMIV OF 300 ACCEPTABLE DATA GROUPS ; FSH 390
¢ N €SR__ 391
=300 104107,.10! IR 392
c PAUSE REMOVED FSR__ 393
~T0%5 CONf INUE FSR 394
107 PFAIL = 3.0 FSR_ 398
G0 0 150 FSR 396
4 SR 397
T STax Ul Al [ 398
[4 ESR 399
no TF (IPSFN) 111,120,112 ; FSk 400
PAUSE_REMOVED FSR__ 401
"'Tri—c"'ommus v : FSK 402
Fiu 403
Ul ABL Fiuw 404
FSH__ 405
"*\Tiso‘ TI3 K = 1,IPSFN FSK 06
IF (1 = LSENIK}) 113,190,113 FSK_ 407
113 CONTINUE TSk w08
0 1F LJFCEN) Lilel23s12) : M
R »
K3 1EST FOR ACCEPTABLE FUEL CLASS WUNSER FSR__ 6l
" - ::n LI¥]
121 00 122 Kaly IPCEN R__4L3
TF (ICFN « LCFNIKIT 122,123,122 X FSR™ 414
ONT LHU| (1T
i ®

TU




! ROUTINE FSR

—(CONTINUED)
— FLARE SPEED REGRESSION CALCULATIONS
123 1P CIPGEN) 1110126,)24 rig 417
e (3 ¥ R
Al A33-G L] . [ 413 419
+"’JMLM‘J‘W ri‘h_d‘a
126 00 125 Kel, IPGFN FSR__ 421
IF CICFN=LGFN{1,K1) 125,1241,125 FSh— 422
41 IF {1GEN-LGENI2,K)) 125,126,125 FSK_42)
1257 CONT INUE FSR 424
_WJ'.LLD_EL PSR 425
& IF (IPMENT 1111304127 FSR . 426
N o ESR__ 427
TEST FOR ACCEPTABLE FUEL CLASS-GROUP-NENBER NUNBERS FSR 424
FSK 429
127 00 126 Kel, 1PHFN FSR 430
~L MF.

TN AF CIGFN-LRFN(2,K)) 1260 1272,128 FSR T 432
72 IF CIMFN-LMEN(3,K)) 128,190,128 FSH___433
128 CONTINGE FSK %36
130 IF (NOS) 111,135,131 FSK___ 435
€ " FSKT %36

TEST FOR ACCEPYA ATA §O F s
__E__u_\m_gu__uu_um —URRER an_it «Jalu]"
131 1F {INUS = NDS) 190,135,190 FSR___ 439,
135 1F (NCC) 111,140,136 FSR 440
% R FSH__ 481
TEST FOR ACCEFTABLE EXPERIMENTAL CONDIVIONS NUNBER F;; 42
I F 443
136 IF (INEC - NEC} 190,140,190 FSR 44é
! ESK__ 465,
(3 TEST FOR AN UNDEFINLD DEPENDENT VARIABLE FSH 446
UNACCEPTABLE [F EITHER NUMEKATOR QR OENOWINATOR ZERO)  FSK 447
[4 FSR 444
Y 42 KOV=], (POV FSR__449
K » LOVN{KOV} FSk 450
I1F_(U(K)) 141,190,141 FSR__ 451
141 X = LDVOIKDV) FSK 452
. IF tDIK}) 142,190,142 FSK___ 453
142 CUNTINVE FSK 454
F_{1P1GY 80,:13) ESR___ 455
FSK 456
c TEST FOK CONTRIBUTOR COUNT TESTS FSk___&57
3 FSK 456
_.._151 00 192 J4=1,1PJ FSR___459
152 FGLJ(J) = 0.u ESR 460

Hu ? s PFG &
J = LIGCCN{K) FSKR 462
4 o : ESK___ 463
C STORE CONFRIBUTOR NUNBERS FROM GROUP BEING TESTED ESK 464
3 . FSR__ 465
TTUTISY FGEIT1IY = FECLTKD FSH 466

YU ]56 K54, 9 ¢ N
NL(K) = U FSK 468

134 NNZ{K) = O - rgn 469

¢ PERATJUN TR} BYT T_YES HHIRN
N RJ8 TEST NUMBERS FSR__ a7

—f——QEERATIGNS ON COMTRIBUTOR Coum Fh—in

00 165 4 = 1,1PJ FSK__ 473
JGTN = LUTNLY) . FSK 474
ESR__ 475
CONTRIBUTOR COUNT TEST 2 - ONLY ZERD COUNT FSR~ 476
ESR___ 417
TF (JGIN - 2) 16591564157 riu_i’lu‘
) 156 IF (FGCJ(J)} 190,165,190 PSR 479
" FSk 480
c CONTRIBUTOR COUNT TEST 3 -~ ONLY NON-ZERO COUNTS ACCEPTEO FSK___481
. - T CONTRIBUTOR COUNT TESTS 4 10 9 FSR 482
[ 493
TST 17 (JGTN ~ 31 158,159,160 FSR— 4us
c PAUSE REMOVED . ESR __ 485
158 CONTINUE FSk 486
159 IF (FGCJ(J)) 165,190,165 FSR 487
T 160 §F (FGCJSTJI) 161,162,161 FSR— aus
. [ 489
¢ UR OF NON-IERO VALU NOEX {JGTIND . . si%——s“
FSR__ 491
T61 NNZ(JGIN) = NNZIJGINT + 1 T FSR av2
GO TU 165 r;n 493
[4 FSR 494
4 UM_QF JERQ YALUES OF _INDEX (JGTN) Fil 495
_C__L_Q_LLLLH&L__L.!!E. TSR 4ve
162 NZLJGIN) = NZLJGTN) ¢ 1 FSR___ 497
165 CONTINUE FSK 496
16 (IPCTC) 111,180,171 : FSR 499
TEST FOR TIONAL CONTRIBUT 1 ‘ :R S0)
EST_FOR CONDIVIONAL CONTRIBUTOR COUNT JES ga__zo.%
FSR— %0
171 DO 175 K=4, IPCTCY : FSR_ 503
TF (LCTCTK)) 172,175,173 FSA— 504
i72 IF (NZLK) ¢ LLTCUK)) ;voaus.ns PSR 505
TTY IF (NN2{XT = LETCIK)T 160,175,175 FSR— 506
15 _CONY (]
FSu ]
"‘E CALCULATIONS ON ACCEPTABLE DATA GROYPS PSR ’-f-"-
TSR siv
180 DU 182 Ke=1,1PFGC FSH_ 514
J = LFGLCNIKT PSR 512
- (4 5 R
T TJIRTIT CIYALR -1 OR 3
[ (£ S YY)
e TF TIINTIY & Ty VaZ 181, 18F . Sk 516
181 JINGY) & ) S 5Ll
TTTTREE CONT ENGE FSK 910
s Ne ) F. L]
T LI O ¥ >,
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ROUTINE  FSK
- — (CONTINUEO0)
. FLAWE SPEED AECRESSION CALCULATIONY
i SETUP OF DESIRED OEPENDENT VARTASLE
DO 189 KOV = 1,1P0V
XOVN_= LOVNIKDV)
T KDVD = LOVO(KOV)
¥ s _O(KDVN)/D(KDVO)
IPCGC = LIPCGEIKUVY
TEST FOR NO PRESPECIFIED COEFFICIENTS
TF (1PCGCT 111,189,184
184 ou )0 186 K=l, 1PFGC
J = LFGCCN(KY
EST ONLY THUSE CONTRIBU WHICH
2
TF (JINTJ) ~ 1) 188,185,168 A
85 00 186 L= 1,IPCGC
JES1 EACH ROYP
1F_(J - LCGCCN(L,KDV)) 186,187,186
186 CUNYINUE
. GO YU 188
ADJUST YALUE OF DEPENDENT YARIA FSk_bev
. FSK 548
Y » ¥ = CGC{L,KOVIOFGCLIK) FSR___v49
lu CONTINUE FSR 950
FSR__ 551
'E_ DETCAMINE MAXIRUM VALUE OF V FOR SCALING YO F17 ES30 OuT#ur FSK 522
—l""b_u THXUKOV] = WAKIF [YHX{KDV] (ABSF (Y1) rzn 554
ENIL(N) = FNL . FSR___ 555
FN2U(N) = FN2 FSR 346
190 CONYINUE FSK__ 55¢
PN = N Fsk
READ INPUT TAPE 6, lgos, ggg“,“.i-l.;%m ; FSR 559
RGAD INPUT TAPE 64 1005, (DNMIK)oK=Los6 FSR
REWIND & ESk
T FSR
4 END_OF FIRST TAPC 6 PASS ESR
C FSR
IEST E ACCEPTA YA 1 p
_&__E_QBM.LELL FSR 566
1F_LIPN) 191,191,192 FSH 567
T FSR b68
[4 DIAGNOSTSC =_NO DATA ACCEPTA!_L( ~ PROCESS NEXT AUN ESR__ %69
[ FSR 570
vl WRIVE OUTPUT TAPL 3, 1025 FSR___ 57
_L__U-WL-V-———-!-—I—L-?OZ i FSk 572
ESR 873
E PRINT LIST OF ACCEPTABLE DATA SERIAL NUMBER AND FUEL WAREY Sk 574
ESR_ 575
R = 1PN Y 6
WRITE OUTPUT TAPE 3, 1022 ESR__ 577
io: WRITE OUTPUT TAPE 3, 1034, . FSR 578
(LOKSEN(N), FNLILIN), EN2L{N}, Ne}, IPN) ESR 579
FSR 480
VEST FOR DIAGNQSTIC # = FSR
g SR 582
IF_{PFAIL - 3.0) 200,194,200 FSK 583
194 WRITE OUTPUT TAPE 3, 1027 Sk 984
PFAIL = 0.0 ESR 585
[3 . FSk 586
NERAT F_ESSD REGRES PYT DATA FSR 587
FSK 588
c SEY UP DEPENDEN( VARIABLE FSR__ 58y
[4 B FSR 590
200 DU 300 KDV=l, POV FSR___ 591
KDVN = LOVNIKDV) FSK 592
KDVD = LUVD{KDV) FSR 593
PLGL = LIPCGLCIKUY) 0 %
LF_(1PCGC) 24,210,206 SR 59y
206 00 207 J=1,1PJ v . FSA 596
207 CsCUty) = 0.0 - FSR__ 597
. SN 9§
ET_UP_LISY OF PRESPECIFIED GOEFF s, £SR 9y
N 60
VO 209 K = 1,1PCGC o FSR__ 6Ul
J = LCGLCNIK,KDV) FSH ouz
€GCJIIJ) = CGCIK ROV FSR__ 603
TR GINIT - 10 + 200, FSH -~ 604
[4 FSK 3
T SET JINLJY = Z FOR CONTRISUTORS WIVH SPECTFTIED CORFFTCTENTS ORLY TSk eoLs
L) FSk___ 607,
208 JIN(JY = 2 SR 608
209 CONTINUVE . ESK__ 609
SR 610
DETERMINE NUNBER OF INDEP N Al FSK__ 6l
- K 612
e e e e N0 K O FSK__ el3
C = FSR 614
DU 213 J=l,41PJ FSH___6ls
g [ oF LLIT I Y
1ES) FOR STATYS 'f'! !lf
FSi 6l
- 1F_4JINEg) ~ 1) 21392000212 FSR___Gle
[+ i FSR 620
€ INCRCMENT NUMBER OF NEPENODENT VARJABLES INDEX Fin__e2)
4 § ESR 622

F hsne] Fi! ﬁ‘
& TIVENTHY » J g FSK
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. ROUTINE PSR

LANE X
—OGNLIN) = GNLEJ) FIR__ 423
GO 0 213 " PSR 626
. b
TNCRENENT NU [3
FSH__ 629
212 WC =« WC ¢ | ; FSH. 630
oc%ugps] s GNL(J) PSR___631
LCCONIMC) = o FSk 632
¥
PH s N R 634
IPHC = MC FSR__ 635
FSK 636
TEST FOR EXCEEDING LINIT OF DEP! T_VARLA FSR___ 637
REGRESSTON PROGRAN B . j FSi 638
< ESR 639
TF (IPA~57) 220,220,218 FSk LoV
216 PFAIL = 1.0 ESH___oal
G TO 260 FSK 642
[4 FSR___ 643
[ FINAL MAKEUP OF ESSO REGRESSION CONTROL DATA FSR 644
ESR___ (&%
0 LRCC(1) » KDV FSK GAG
LACC(2) = IPM ¢ 1 ESR___ 647
LRCC(3) = IPN : FSK 648
(4 FSR__ 649
C WRITE TITLE AND CONTROL DATA FOR REGRESSION ANALYSIS FSK 650
. £S ?
WRITE DUTPUT TAPE T, 1006 FSH 052
WRITE OUTPUY TAPE 7, 1007, (RCCL{K},Kel,3 ACC(K) pKulo) FSR___65)
€ FSH 656
[ START OF SEGUND TAPE 6 PASS FSR__ 055
FSK 656
R P » FSR 057
_'Q'Lunun INPUT ‘!‘Mwe Gy wﬂo;. 3] FSR 05H
[4 FSR___659
[3 CALCULATION OF DEPENDENT VARIABLE SCALE FACTOR FSk 660
4 FSR__ 661,
KSFE = O FSK 062
[4 : ESR 663
[3 REDUCE POWER OF 10 UNTIL YMX LESS THAN 1000, FSH Go4
4 ESR___ 665
221 IF (VAXIKDV) - 1000.) 223,222,222 FSK 666
222 YMX(KDV) = YMX{KUV]/10.0 FSR__ 067
KSFE = KSFE + 1 FSK 668
GO T 221 [] 9
T rPu 610
[ INCREASE_PUWER OF 10 UNTEL YMX GREATER TMAN 100, ESH___ 071
[ . FSR— 672
223 1F _{YRAIKOV) = 100,0) 224,230,230 FSR__ 673
224 KSFE = KSFE = L FSk~ 074
YEX{KDV) » 10,00 YMX{KUY) Fi! g;z
GO TU 223 i FSR o6
[4 — e — PSR 477
T CTHODSE ACCEPTABLE DATA GROUPS FROM TAPE B S 678
c riu f"
T 230 U0 255 N = 1,1PN ¥ 0
__231 READ INPUT TAPE 6, 1004 rSk 68t
T 8§ ISFNFR1,FN2, ICFNsTGFN, INFN, INDS  INEC, (OTRT JRa 2381 FSu— 662
L g 1PFGCo {LFGCCNIKD )FGCLIK) pK=1y IPFGC) : FSH__ 683
4 R FSR 684
c TEST FOR ACCEPVABLE SERIAL NUMBERS 4 '
y 686
IF (ISFN_= LUKSFNIND) 231,235,232 ESR__ 6u?
T PAUSE REMOVED SR 688
232_CONTINUE FSR __ 689
T 238 00 236 J = 1,1PJ K 690
36 FGCYLJ) = 0,0 FSR 691
_L—B%r‘g_f_s X+ 1, TPFCC Fh}'
J = LEGCCNIK] ESK_ 693
237 FGCIIN = FGLLIKD FSR— 694
[4 SR 695
€ PREPARE LIST OF INDEPENDENT CONTRIBUTOR COUNTS FSR 696
c : FSk__ 697
00 238 N = 1,1PH ri_“‘u 698
J = LIVCN(M) . FSR 69y
236 OPLIM) = FGCITJ) FSR—_ 700
[4 FSw 701
"€ CALCULATION OF DEPENDENT VARIABLE g FSk 102
. FSR__ 703
240 ¥ = OIKDVNI/0(KDVD) TSR 704
c FSR 705
T TEST FOR NO PRESPECIFIED COEFFICIENTS L 06
c FSR_ 707
TF TIPRC) 241,250,242 Sk 168
c PAUSE REMOVED FSA___ 709
" ZAT CONTINUE FSu 0
242 DO 243 MC = 1,IPNC ESR__ 111
J = LCCCNIMCG) FSk 712
[4 FSR__71)
PENDENT VARTABL 7 FRON d 3 FSK ; 3
L £ ¥
JTI Y = ¥ - COLJIJISFGCITI] FH 16
[4 FSK___IL7
TC€  DEPLUNUENT VARTABLE SCALING LS U
(3 FSR__ 719
250 ¥ = ¥el0.00«(-KSFET ESR™ 720
[ b
A ; V3IS FSk
¢ o FSK __ 723
TR BUTPUT TTARE T, 1008, TSFN, TOPLTHTNel IPR),V FSR T 124
253 CUNTINVE FSR__ 725
REWING & :s: ;u
&_‘ —— TR OF ST TR T RIS FH\

7




ROUVINE  ¥3R
(CONTINUED)

LANE R

% . PSR 729
PRINTOUT OF SUCCESSFUL DATA PREPARATION INFORNATION FSR~ 130
_Q_z " Jia lﬂ
0 WRITE rur uPE 3+ 1010, FSR 1
“ .

. FSK__ 733

um: ourvur uve 3 10101, FSk~ 13«

FSR____13%

uulu GUTPUT lAPE 3, 1020 » FSR™ 136

DNK KQVD) . : ESk 137

lF {1PCGC 2&.262.16 FSR 138

201 WRIVE OUTPUT TAPE 3, 1021 , FSk__ 139

9 1PHC FSR 140

WRITE OY\PUT TAPL 3, 1033, ESR___ 141

9 SLCGCONIK KOV ) s CGCIK oKDV} oKl o IPCEC) FSR 742

i : ESR 743

TEST FOR NO INDCPENDENT VARTABLES FSK 44

ESK___T74%

262 1IF {1PM) 270,270,263 FSR 740

[4 FSK___187

C PRINTOUT OF INDEPENDENT CONTRIBUTORS WITH THEIR REGNESSION FSk 148

< INDJCLES FSK___ 149

C FSR 150

263 WRITE OUTPUT VAPE 3, 1023 FSH___ 151

WRITE QUTPUT TAPE 3, 1035, (A1) 2

9 (NOLEK) K=1,10) - FSR 753

C FSR™ 154

% PRINT OY? FIRST 9 FSK__ 755

FSA 156

M2 = XMINOF (Y, 1PM} FSK___157

WRTTE OUTPUT TAPE 3, 103G, FSR 7158

9 CLIVCNEM) JOGNLIM), Ma),M2) FSR__ 159

TF (1PH - 9) 270,270,265 FSk 760

65 LNX = IPH/LO FSR__Jol

FSk 162

[ PRINT QUT In SEQUENCES OF 10 FSK___ 763

T FSR i6a

D0 266 LN = LsLNX ESR___ 765

Ml = 104N FSR 166

M2 = XMINOF (M1+9,IPM) ESR___ 767

66 WRITE OUTPUT TAPE 3, 1037 FSR /68

M1, (LIVCN (nl,mm.(u), MMl 42} FSR___T69

zro TF TIPHCT 280,260,271 FSR™ 110

FSK___ 771

E' mumoun OF mmEs OF CONTRIBUTORS WNRICH HAVE PRESPECIFI E sa 172
COEFFICIENT 7

Fsu 114

270 WRITE DUTPUT TAPE 3, 1024 FSR___175

LNK = 1 « (IPHC - 1)/10 . FSK 176

DO 272 LHal,LNX ESk 777

MCY = L0eLN - 9 M FSR™ 7178

MC2 = XKMINUF( MC149, 1PNC) FSR___ 119

'!7! RITE OUTPUT TAPE 34 1038 j FSR 180

[LCCCN(MC), OCGNLEPC), MC=MC1,MC2) ' _FsR_ 81

uo IF (PFATL - 1,00 290,281,290 FSR 182

C AGNOSTT < CAPACITY OF REGRE

¢
Z81 WRITE OUTPUT TAPE 3, 1626
PFAIL »= 0.0
60 10 2901
290 PFAIL = 0.0
REWIND T

INTAPE = 7
4 CALL ESSO REGRESSION PROGRANM

3
CALL ESSO4 _{ INTAPE)
901 00 300 Ja 1, IPJ v
1F_(JINLJ) = 2) 300,292,291
"€ PAUSE REMOVED |
291 CONTINUE :
292 JINTJY = 1
300 CONTINUE

[4 TEST FOR END OF CALCULATIONS
[
302 1F(LAST}301,20,301
301 WEWINWD 7
REWIND 6

L3 Iy ’
L0 10 20

—
[ FORMAT STATEMENTS

1000 FORMAT { 1814)
MAT 1724

1
1002 FORMAT [72H
1

RMAT {150 616 )
1004 FORMAT

’ . . Ny
1E12.4016,EL12.4916,E12.4}) ESK__ 621 _
"TTIG0% FORNAT FSR e22
Y (1hU Y06ReAG)/ELH 6XoAby6X A6 ORI AG 6XsAG 6Ky AG OR AG &R AGIOX FSH__ 823
TAG,0XyAB)) ¥l d24
1006 FORMAT {72M v ESK :zs
T FIK 8d6
1007 FORMAI__{ 3F10.5,315,13,712 FSK___w2?
TTTIO08 FORMAT { 1Ty 5K, LPSELZe6 / uElTU) PSR 828
1010_FORMAT FSK___ 829 _
(THT, TARE SFEED WECRESSTO — Fsn w30

e LINE 1923 = WODUF1CATION | RUN_|4) . 8
AOUT INE 1922 = ATTOR ‘
_Wr!.;‘“ﬂ'_“_.__—(_J_. RUN | 7&—_&—.
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NOUTINE FSR

ST T FUARE SPEED REGRESSION CALUULATIONS

9 (LNe  ROTX  SHPROBLEM 14 ) gl 33
011 FORMATILHOTKSHRUN [4,17X  3JHWNUMBER OF PROUBLEN TR 1T
’ Xy 39M!&i" ﬁsﬁ!a“ﬂl%ﬂ %g* mai! IN USE lii !}2
1 29Xy J1HA ol UR 4 [313

F

.
3 7Xy G3NACCEPTABLE EXPERIMENTAL CONOLT HOER__ |4 /' FS 3
4 IR0 37X, G4HENTRIES 10 OF READ FRON THE mwr! n!nah CARDS '5' TTTFSH 93

5 1HO _ 3Xe_ 9YHCARL TYPC __ 5X, LTHNUMBER OF ENTRIES FSk___ 639
6 20X, LALIST SIGNIFICANCE 7 FSA™ 640
N ; xpldy BX; 4OH- PYABLE DAVA . [ 4
U NUNBERS R 442
9 AW ) 6Xy  In=h- 14X,16, BXe31H- Acgeruus FUEL_CLASS NUMBERS } ESR___ 443
1012 quur FSK™— 44
3H-N=- 14X, 14, OX, 3TH- ACCEPTABLE FYEL CLA §§--§lar N FSR___#45
__iugsas /w .u.;n-o—.lu.u.u. AGH< UNACCEPTABLE FUEL-CLASS-GROUP~ FSK 446
MEMBER N FSK
H u. :m- ~ TaX; T4y BX, 32H~ CONTRIBUT N R
©/ AH y 6Xy IH-U= laXp 14y 8X, 3SH= CUNDETJONAL COUNT TEST CRITER] FSR
A 71H 4 OXy 3n-u- 14Ke 14y 8Ky #4H- OVERRIDING DECIMAL REGRESSTON FSK
GCONTROL DATA FSR

1N o OXy JN-S- TaXel4, B4, #4H- GVERRIDING INTEGER REGNESSION SR 4
dCDNlRO ULATA

4

1, 10X, 4GHLIST UF UNACCEPTABLE DATA GROUP SERIAL NUNBERS /) FSR___§5%
—TT 'ronm FSk 956
9 _(1HO, 10X, 3THLIST UF ACCEPTABLE FUEL CLASS NUMBERS /) FSR__ w57
TS FOURAT FSR 654
X, &3HLEST OF ACCEPTAB AS3~ R___ 659
CiG F Ak K 460
° uu 0, 10X, 52HLIST OF UNACCEPTABLE FUEL CLASS-GROUP-MEMOER NUMOER FSA___wel
1§ FSK 862
wi? Formay _ FSR___663
9 (1M0, 10K, BIWLIST OF CONTRIBUTOR CUUNT TESTS 71 FSK 664

Al

018 FUR ESK
‘LUT'IT"_'{ v ZTALIST OF COUNT TEST CRITERIA 77 Fin T H66
V19 FORMAT FSR__ 867,
G (1HO, 10X, ZBHESSO REGRESSION CONTROL LIST 71 FSR 568

1020 FORMAT FSR. 869
Y (lNO.‘DX. 13 / FSR ar0
H PENDENT VAR [ Al = AGgiN, AN X190 ) E

1021 FORMAT F§R 812

9 (1HO, 10Xy 6HMINUS 14, 324 CONTRIBUTIONS OF Yﬁ% FQLLON]% 5 FSR 873
1 1H o10X,69AL1ST OF CONTAIBUTOR COUE NUMBERS WITH THEIR PR 1 FSR uié

_____21ED COEFFICIENTS /1 ESR__ 875
1022 FORKAT FSK 876
1,13 OXp _Sin i PIED DAYA SERJAL NUM Al NAN! 4

l / FSR— 8786
1U23 FORMAY FSR__ 879,

9 (1HO, xo;mmmmmﬁmi‘m—n—m [17)

IONDING REGRESSION INDICIES /) ESK 68l

luza FORNAT FSk 882

1hy OX; 53HLIST OF CONTRIBUTORS MAVING PRESP [ 3 L FSR (1%}

L i Fsh__sss
025 FORKAT : R_

T (1MO, 10X, 18HNO ACCEPTABLE DAYA '} TS 486
1026 FORMAT ESk 87
27 FDH“‘I’ 889

9 (1HOy 10Xy 46HONLY THE FIRST 300 ACCEPTABLE DATA GROUPS USED FSE 890
1030 FORMAT FSK (1)}

9 (1A , 10X, 1816} FSR 8Y2
1031 FORMAT F 93

T (1M o L0Ky 16401301603, 16013¢16e13416013e016413916413,06+13416413y o 694

116413,16013,164103 ) FSR___ 895
1032 FORMAT FSK 896

9 (1H 5 10X 3I{FLU.5,3X), 10X, l4, 713 ) FSR 891
T033 FORMAT FSR 98

9 (lH 11X, 16, LPEL2,4 [ L ESR 99

GiELZ.4 . . R you
1034 FORMAT ESR__ vOL

G (IH y 11Ky I5¢1Ke2A6s1501X92A6, 15,1Xs248) I5,1Xs24A8, FSK™ 902

1 I15p1Xy206, 35,1X,246 ) FSR_ 903
1035 FORMAT FSk YW

9 él“ ; SXp 19y 9111} '2. 90%

"OR| F 900,

9 (1M 20Xy 9i14,1XeA8)) FSK 907
0 RMA | Fiu Y08

9 (1H o 1297X,10014,1%,A6)) (413 909
TO38 FORMAT FSR 910

[R11] } 9%y U146, 1X,A6)) FSn__ 4Ll

2 Il PSR Wi2

9 (in o 10X, u,zn 12,3 7 12, 18,34 / lz,an 2 12, FSR__ 913

-k 12,34 12, +3H H 712, FSKk 91s

2 lB 3N 7 12430 7 12, 18,30 /7 ) !N /7 12 ) ESR vy

TO#G FORMAT FSk— 916
M 0y

"
X LEcuTion ConpLETED y MY
2000 FORNAT(1W0, #5X; 20HEXECY t]
0l ™ TS wav
END Bk vai




SUBROUTINE ESS04

PLE LINEAR R ALCULATE
: L1878 —ES%04 1
SYMBOL TABI ESS04 2
—CB'{hT‘“" €SS0 RLGRESSION SUBKQUTINE WD 4 €$504 3
i PRESPEC]F EEM 55* gi e! s mf £SS04 .
VARLAB INPU Al P N [33{: F]
 SUBROUTINE ESSO4 [ INTAPE) ESS04 6
DIMENSTON DATA(bGIVECTOR(60,601 JAVELGO) sSTGMATS01,COENTE0T STGACD  ESSO 7
1460), INDEX160) L5504 '
DIMENSTON RATTOTG0T DECT 1011, FMIT1201 s HEADT12) ESSO04 Y
REWINU _INTAPE ESSO4 1v
uﬂ% TNPUY TAPE INTAPE, 4000, (HEADTT),(21,127 [3317) il
usAo INPUT TAPE (NTAPE, 5y £SS04 12

IOL.EFUI.EFOUI.NO'ROD'"NAI.WIih TFaY, (FSTEP

l.lFRAH.lFAVE.IFII:Q_LIFCDEN,IFPR?_Q,.!_F_CNSI $$04, 14
INDATA = | . £SS04 )

NRUNSE = £5504 6

t = INVAR ¢ 1 ESSO4 17

IKEIGT = INVAR ¢ 2 ESSO4 18

GO YO ( 101, 1021, INDATA £S504 19

101 WRITE QUTPUT TAPE 3, 5003,(HEADLI), I » 1y 12) ESS04, zo

T WAITE OUTPUT TAPE 3, ESS04

9 1oL EFIN srouriuonou.!uvu,uomn,p!r,mvgr ESS04 g
T, IFRAW lFWE.l’Fh ENy S04

102 DO wzo 121, INVAR ESSO4 24
%020 COEN(1I1=0.0 ESS0& &5
c IFWT = 1 THEN ALL WHTS = 1.0 ESS04 26

TFSTEP = 1, DO NOY PRINT EACH STEP ESSO!
[4 JFRAW = 1 DO NOS PRINT RAW SUMS ANO SQUARES ESS04 28
VE = NO v ES304 29
c IFRESD = 1 DO NOI_PRINT RESIDUAL SUMS SQUARES ESSO4 30
N = NGT PR L ESSO4 31
[ IEPRED = | DO NOT CALC PREDICTED VALUES €SS04 32
T_"‘I‘Fcusv'_- T U0 NOT WAVE CONST YERW [N EQUATION LS04 33
INDATA = 1, LIST INPUT OATA ON TAPE 3 ES504 34
NOIN = 0 E5504 35
VAR = O €5504 6
K =0 ESS04 31
FLEVEL = O ESSUs 34
TOENT = 0 ESSO4 39
NOMIN = O ESSO4 <0
NUMAX > 0 ESSO4 &1
NOVAR = INVAR ESS04 2
NVPT = NOVAR ¢ 1 ESSO4 3

110_D0 120 1 = 1, NVPL ESSO4 o
TT130 00 120 J = 1y NVPL £SSD4 5

120 VECTURLI,J) = 0.0 ESS04 “6

CWIND 8 T ES808 AT
__"140 _IF(IFWI) 900, 500, 150 ESS04 8
TT900 WRITE OUTPUT TAPE 3, 90% ESS04 (38

G0 10 910 ESS04 %0

TTI50 INPUT = NOVAK + ESS04 5
UD 170 N = L, NODATA ESSO4 52

160 READ INPYT TAPE INTAPE,5000, {DEC{1), ! =1, INPUT ) ESSO4 53

Ji1 = 1 . ESS04 56

RUN _ = DEC{NRUNSE) ESSO6

UATATHOVARY = DEC{TDEPSE) €SS0 56

00 1613 J= 1, INPUF ESS04 52

TFT J - NRUNSEI1611,1613,1611 €S04 Sy

1611 IF( J = IDEPSE}L612,1613,1612 55504 59

1612 LATA(JIL) = DECL) ESSO& 60

= + £SS04 el

ONT INVE £SSO4 62
161 WRITE TAPE 8, {DAFA{L}y L = 1, NOVARY,RUN ESSUs 63

GO TO { 162, 180),INDATA €5504 64
162 HRII’E OUTPUT TAPL 3, ESSO4 65

u. nuu. ( DATAILT 4 L = 1, NOVAK ) ESSO4 66

180 m 90 ES$04 (1]

200 VECTOR(1, nuvm 0 n ~ VECTOR(I, NDVAR + L} + OATAIIT ESS0 1)

210 DO _220 J = |, NOVAR £SS08 69

220 VECTOR (14J) = VECTORUI,J) ¢ DATAUI) » DATALJID €SS04 i

190 CONT INUE — - £S304 71

170 vsctoamvn. NVPLT = VECTORINVP1, NVPL) ¥ 1.0 €SS04

30 6O Y0 : (33 13
cu.cuunou SUMS WHEN VARTABLE WETGHTS €550 T4
500 [NPUI = NOVAR ¢2 E5504 15
VO SIO N » 1, NODA €SS04 Té
420 READ AD_INPUT TAPE muvs,sooo 2IDECII), [=1, INPUT) ESSO4 17
2l ESS04 78
u n £3$0¢ 79
oAruuovn) = ozcunense» £5304 80
WHT = DECCIWELGT) ESS04 81
DO 5204 J=l, INPUT : ::soo 82
IFL 9 = NRUNSE) 5201, 5204, 5201 504 's)
!'m_x FU J = IDEPSE) 5202, 5204, 5202 ESS04 84
_gzvz_r;_.e_nm.uzuws £SS06 85
203 DATA(JI) = DECIJ) €SS0% 86
Jl = Jlel ESSO4 ar
%204 CUNTINUE ESS0% [1]
921 _WRITE TAPE 8, (DATA(L), L = L, NOVAR),RUN £SS06 49

o Y0 ( 52z, ssol.mon lﬁzssoa 90
5 RITE PYT_TAPE

9 Ty RUN, l GATATLT + U~ 1, NOVAR ] ESS04 (7]
_%QL?_LLL_.T._ £SS04 93
550 VECTOR (1,NOVAR ¢ L) = VECTOR 1, NOVAR + 1) ¢ DATA (1} & wnl ESSO4 )
560 DU %40 J = 1, NOVAR ESSUY 95

T 540 VECTOR u. J) . veuon Tty J1 ¢ DAIA [ - oAu aF « wnt ESSO4 96

$10 VECTOR Pl N * 0 9 i

OMPLE zu UM DF UAR o : : bue “ ' ssg~

[+ ISTORAGE IN LOCATION, VECTOR (ly J), THESE ¥ Wit RINTED QYUY ON £$$04, w
3 2TAPE 3 UNDER CUNTROL OF STATEMENT 100 £S804 100
965 NUVKI OVAR =~ 1 ESS04__ 101
566 NOVPL & NOVAK ¢ 1 ESS04  L02

— R o seer e E
K ey L Je ] I, 1 =1, (2} [ 1)

80




—SUBROUTINE  £3304

1CONT [NUED)

T WGCTTFLE LTNEAR RECRESSTON CALCGCATIORS
567 WRITE OUTPUT TAPE 3, 90, NOPNOB, NODATA, NOVAR, VECTORINOVPL, 105
PLY.EFIN, EFOU 0
$ o7
sun WRITE QUIPUT TAPE : u ESSO6_ 1uv
uF‘murh nﬁlvu; TAPE 3, 2Gy {1y : €CTOR (1, NOVPLI, [ & I, WOVAT) egs“ﬁ 110
£00 WRITE OUTPUT TAPE 3, 25, VE roa {NOVAR, NOVPL) §°‘ 1L
T GI0 WRITE OUTPUT TAPE 3, 30 €SS0 112

20 uum guisur_taec 3 3

U 3, 40, ] AR o [ i
640 HRHE uumn IAPk 3, 45, VECTOR {NUVAR, NOVAR) £5504__ LIS
G0 Y0 650 €SSO4 116
[ CALCULATION UF RISIDUAL SUMS OF SQUARES AND CROSS PRODUCTS €506 1L/
_oso“‘mx"t_n 900,651,738 ESSO&  1LD
F{VECTOR{NQVPL , NOVP £3S04 9
s' WRITE OUTFUT TAPE 3, 656 gi‘i‘q—u'm 120
$0 10 9l £5504 121
638 55 660 1 = 1, N ﬁvn ESSOA 122
670 00 660 J = 1, N £S504 123
600 VECTOR (1,07 = v‘thTt u..n = TVECTORTT,NOVPLY « VECTOR (3, NOWPLT —  ESSGe ids
= / VECIOR mom NOVPL) ESSO4 125
69 NOV 6
690 AVE(I) = vecwun NOVPL) _/_VECTOR(NOVPL,NOVPL) £SS06 127
V00 IF [IFAVET 960, 710, 135 — €550+ 126
700 WRLITE QUIPUT 1APE 3 50 €S504  12v
WK OUTPUT TAPE 3, 20, (I AVELID, 1 = 1, NOVAIJ €SS0& 130
130 WRITL ouwur une 3, 25, AVEINOVAR) £5504 13
Tel, 160 s!‘fb_—'rl‘~ 132
uo uute ouwul uve 3y 55 ESSO8 133
UY TAPE 3,3 VEC +T=T, E8$S0 134
uo .mne OUIPUT TAPE 3, 40, (1,VECTOR(]NOVARY; X-l SNOVIL ) i ESS04__ 135
—WWWWWWWM—'— £550s 136
780 NOSIEP a -1 : ESSO4 137
€3304~ 138
" 182 osm . vsclouuovn.uovru - t.0 €S504 139
90 00 600 T = I,NOVAR ESSU4 140
791 TFUVECTOR{ [, 1)) 792,794,810 ESSON_ 1AL
92 WRITE GUIPUT TAPE 34 193, T ESS0% 142
9 1 €SS0 143
YO 391G j 3 0
793 FORMAT (31H ERROR RESIDUAL SQUARE VARIABLE 14,31H IS NEGATIVE,PROS €S504__ 145
LEM |'E——1_ATET|_‘_———"—'—'_ £$8064 144
__T9% WRIVE OUTPUT TAPE 3,79, 1 ESSO6 147
796 SIGMATT) = 1.0 €SSO+ 148
797_60_TQ 80y - ESSD6  L&9
ORRATTTHOTON T ESS06 150
__810 SIGMALI) » SURIF (VECTOR u.m ESSO4__ 151
@00 VECTOK(T,1) = 1.0 ESSO&8 152
520 00 830 I = 1,NUVMI £SS04_ 153
BAOTIPT = T ¢ 1 ESS08 154 |
uhl () 030 J = ll‘l NUVAR ESSO4 y M
vE T v L1 2 E3304 i
030 VECT_h_._LwML.L 3804 4 |
960 IF (1FCOEN) 900, 670, 1000 N ESSO4 b
g;g WRITE QUTPUY TAPE 3, 60 y 9
T4 NOVMZ = NOVAI = 1 " tg%a-—LLssm ::«:
875 00 885 I = 1, NUVM2 1
w80 1Pl = T v 1 €SS08 162
48Y WRITE DUYPUT TAPE 35 38,41,J,VECTOR(E,J)y J= IP ESSO& 163
€90 WRITC OUTPUT TAPE 34 40, ll.VEC!DMl.NavAl).l-l.%vﬂﬂj____"__—_ €SS04 164
_.}ﬁLOW 'ELE'_MLE_'_.I_ E%SN_L&
001" TF [VECTUR( NOVAR,NGVAR]) 1002,100Z,1010 ESSO4 166
1002 NSTPML = NOSTE? - 1 ESSOA lo?
WRTTE DUTPUT TAPE 3; 1064; WSTPAT ESSOA 168
GO_TU_138) S04 169
1010 SIGY = SIGMAINOVAR) » SQRTF {VECTOR{NOVAR,NOVAR}/ DEFR] ESSO4 110
DEFR =DEFR-140 : £3506 173
ul6 IF (OEFR ) 101741017, 1020 - ESSOa 172
117 uaut__rMLng_e__;.Jo_n._msur £SS04 173
- 0 1381 ESSO4 174
1620 vnm = 0. o ESS04__ 175
1030 VMAX ESSOA™ 176
035 NOIN s o hi.LL;J.
_'{"—'b'ﬁow 1050 1 = I;NOVAI €SS0% 178
1041 IF (VECTOR {1,1)) 1042,1050,1060 ESSOS 179
1042 WKITE QUTPUT TAPE 3, 1044, Iy NOSTEP €804~ 160
__1U45_60 10 910 £SSO4 181
1060 TF(VE Emau.n = TOL) _ 1030,1080,1080 E$S04 102
1080 VAR = ngIOR[I!NO!Au! YEGTUR{NOVAR,J) / VECTOR{] ]}
V90 IFIVARILILUU, 1US0, 111V ] 184
1100 NOIN = NOIN ¢ x ESSO6 L85
1120 INDEXINOIN} = €5504 186
1130 CUENINOIN) = vecmau.no;n» . s!gmanﬂu) s ﬂq w $504 _ 147
Tiia sn.n(.omum) = ESS04~ (Wb
RATIO(NOIN 9
0 IF (VMIN) 1 so. 170,904 £$S04 190
904 WHETE QUIPUT TAPC 3, 906 : £$508_ L9}
60 10 viv €804 192
1170 VMIN = VAR ESSO6 193
TTLI80 NOMIN = | €8504 19
90 GO V10 105 £ 9
S0 (FTVAR - VNIN)1050 ESS04 G
__11)0 (F (VAR - vmnobo.xoao.lzlo ESSO4__ 197
T 1210 VMAX = VAR ESSO8™ 198
1220 NUMAX = | £SS06__low
TTIusd CONTINUE ESSO4 200
0 N 9 4 4 R
Wallt OuTry t 3¢ 9 - €380+ 20
60 10 910 ESS04_ 203
TTIZ40 WRITE uumn TAPE 3,65, SIGY ESSO4— 206
___1260 Gu_tO0 ESSO4__ 20
TS IF urcusv““v—oo.l 50,1246 :ssm 208
h NST « u
7] L )




SUBRBUTINE ~ F3T04
. $CONT SNUED)
uL LE NEA €G!
_1250 CNST = AVE(NQVAR) ' : $04

1270 DO 1280 1 = L,NOIN.

09
210

1 .~ £
"ﬁ”‘a c'u'!T“ E'N'Sl < {COENIT) & AVE(JT] EHI
300 (F(IFSTERP) 900,13 ESSOA 213
‘{-"—L_‘_no TF (NOENIT) l'iu.'!u‘u.lzﬂ"f ESS06 214

1311 WRIVE OUTPUY [APE 3, 91 NOSTEP, K £3804__ 215
71312 64 10 a:u . €SS0+ 216
33 unn TPYT TAP YEP £3S06 210
314 WR PUT TAPEL 3470¢FLEV GV, £SS04™ 418
uluutm),cm:mn.swucul.u,lnlu(g),:-!.no;n 3 ' ESSO6 219,
315 GO TO NGKCER, (1320, 1540 €SS04 220
1320 FLEVEL = VMIN o DEFR_/ VECTOR (NOVAR,NOVAR) _£$S04___ 221
1330 TF(EFOUT ¢ FLEVEL) 1350, nso, 1340 €SSO 222
1340 K = NOMIN. i‘sigc ;g;«
'rérr NOENT = 0 : I
GO 10 1391 ESSOs 225
1350 FLEVEL = VKHAX & UEFR 7 (VECTOR{NOVAR,NOVARI~ VRAXY 5504 _izo
1360 1F_(EFIN. - FLEVEL) 1370,1361,1380 £5304 27
1361 IF (EFIN) 1360,1380,1370 ES504 128
1370 K = NOMAX 3
G0 N K

1391 IF(K) 1392,1392,1400
1392 WR1TE OUTPUT TAPL3, 1395, NOSTEP
1394 GO 10 910
1400 DO 1410 1T = 1/NOVAR
420 [F (I-K) 1430,1410,1430
J = 1y NOVA
1450 IF (J'Kl 1460,1440,1460
T460 VECTOR{Tsd) = VECTORTI,d] = (VECTORTI,K) ® VECTOR [RsJ1 7 VECVOK E S04
=iReK))
1440 CONTINUE
lblo CONTINUE
480 = 1y NUVAR

uoo lF (1-K) 1500 uuo 1500
1500 VECYOR (1,K) VECTOR (1,K) 7 VECTOR (KK}
1480 CONTINUE
1510 DO 1520 J = 1y NOVAR
. 1530 {F 1J-K) 1540,1520,1%4
4540 VECTOR(KeJ) = VECTOR (Kod VE (L3}
1520 CONTINUE
155G VECTOR(K,K) = 1.0 / VECTOR(KsK}
1560 GO 10 1000
1360 WRITE QUTPUT TAPE 3, 75,
9 NOSTEP
381 [F(IFSTEP) 90U,158141570
1570 _ASSIGN _ 1580 TO NUMCER
1578 GO YO 1310
1580 GO 10 _15u1
1561 1FT LFPREDY 900, 1582:910
1582 REWIND @
S8 WR UTPUY T3 "
CUMSUM = O, .
1590 0O 1660 N = 1, NODATA
1600 _READ TAPE_ 8, (DATALL),!.= NOYAR), RUN 04
"1610 YPRED = CN N§_d—l TALLD .= 2o NOVAR): U 8 fH; 6
_1620 DO 1630 1 = 1,NOIN . £5S04__ 265
1640 K = INDEX(I) ESSO4 266
1630 YPRED= YPRED ¢ COEN(1) ® DATA{K) : ©_ESSO6 267
1650 UEV = DATA(NOVAR) - YPRED ESS0A 266

CUMSUM = CUMSUM + DEV . 1 ESSQ8 269
1660 WRITE OUTPUT TAPE 3,80 , RUNJDATA{NOVAR} ,YPREDs DEV, e ESSDA 270
ESSO4 271

' 910 IF ACCUMULATOR OVERFLON_6000,6001 .
8601 |F GUDTIEN' UVERFLOW 6000,6002
6002 §F DIVIDE CHECK 6000,100
€00 WRITE OUTPUT [APE 3, 6004 .
100 CON' INVE : :
RETURN
_6004 FURMAT{79HOVIEW RESULYS WITH SKEPTLC RELOW
TIDE CHECK HAS OCCURRED.T :
4 ENDes, .
S FORMAT (371054315410 1012}
6 _FORMAY -
T ( IH , 3FL0.5 y 315y 1IN 1012 )
10 FORMAT (6{F12.5)) .
I1 FORMAY LW ¢ IPEL2.5, BE12.5 ) 3
15 _FORMAT {1H_49H SUM _‘OF_VARIAM.
20 FURNAT (1N 11H sun X 12,301 = E12,4960 SUN XI 12¢3M) sE
BH_SUM 3H 263 8H SUM X{12.3H) =E12.4 ) :
25 FORMAT (17H T VR )
30 _FORMAT{LHU_TUM RAW S . SQUARES A
~ _IND CROSS PRODUCTS//
35 _FORMAT (1H 7t xuz.m; VS X{12y3H) = E1S.6,
1 - on'_xuz.m' VS X(12,3H) = €15,6,

40 FORMAT (IN H X lZ.lZN V! Y  aEl5.6,
1 (1] XU12,12H) VS Y =ELSeby -

F] 6H X(12,12H) V$ Y =E15.6 )

45 FORMAT {1H 21H Y vS Y =E1%.8) . 3

50 FORMAT (LHO63H AVERAGE VALUE OF [33] P
= VAWLA /) . 3
FORMAT{LHOTTH R
~RES _AND _CROSS PROVUCTS//) :

60 FORMAT{1H0G9H PARTIAL CORRELATT E
~ON__CUEFFICIENTS//) -

65 FORMAN (25"0 STANDARD Ekkﬂl F ¥ = nz ‘ )

10 _FORMAT

UNS Am €t Alll\ I,

20R_OF COEF ”N CDEFIS‘lj ERROR 7/ (16H c A= §3,
33:18.%1)

13 FORMAT (1OH. somueu 154 20K STEP

90 Fﬁnnu(zmuilsn RE

DATA = u F_YARLA a
LLDUM. = i 24 aH F LEVEL




10 N ARTABLE = F10,8 : s 3
ORNA €F NO IS 7100 Vi T8y 3l
92 FORNAT P N " R]A NTER 06 319
] «O93H «dy «39 1) .1
sm uo.sngm F10.5,34 F10.5,34 __FL0,5,34 _ #10, (€3804 M1
S,3H  F10.53) ESSH e
6356 FURMAT {J1H ZERO NUNBER OF DATA, SO LONG.)
T 13 ?ﬁiuﬂ'h'zn_!"iau_r%u N CONTROL CARU, PROBLEN TERWINATED]
906. FORMAT. {2514 EAR WIN_P
! Ok, NOIN " NG T
1004 FORMAT (1HUITHY SQUARE NON-POSETLIVE, TERMINATE STEP | S)
1019 FORMAT (LHOZ9N NO. RORE DEGREES FREEOON STEP 1 5.
1044 FORKMAT (IHOJUN SOUARE X-15,1TH NEGATIVE. ONG §5,6M STEP
1395 snnuTTxTnJ—x-B.“ﬂ-‘TLeo 6, TH SOLONG)
FORMAT (JUHOTOTAL CORRELAT £ ¥ Fl0.$ )
4300 FORMAT(TEIo,
S003 FURMAT( LML, 25X, 12A6 ) 506 __ 329
TFORMATY (12A6) - S04 330
80_FORMATITX o F12.5)2%9F12.8,3%,F 12,50 2X:812,593%sF ESSU4 331
T A5 FORMAT(IHDAIH PRI D VS A ) €$S04~ 332
L A MMAIIL_H.}P‘r}H.
3000 FORMAT! 6F12,5) £3506_ 333
T - 3504 36
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" NONSANTO R t's RCW CTRPIRATTON FUANE $PELD REGRLSSION - AOUTINE 1922 - MODIFIGAFSON L - RuN ~ '3

" RONSANID RESEARCH CORPORATTON TEST DATA FOR AULOTINE 1922 T )
TR 3 : WURGER OF PROBLENS IN TWIS AUN 3 WIGHEST CONTRIBUTOA COODE NUWBER IN USE 700
ACCUPTABLE UATA SOURCE NUMBER 0~ ACCEPTABLE EXPERIMENIAL CONDITIONS wumsER 6
ENTRIES TO OE READ FROM THE INPUT ODATA CARDS - e
T UMD (VPE __ NUMBER OF ENTRIES CIST STGNIFICANCE .
[) ~"UNAGCEPTABLE DATA GROUP SERIAL NUNBERS
o = ACCEPTASLE FUEL CLASS NUMBERS
0 ="ACCEVTABLE FUEL CLASS=GROUV uunusns
0 - -
3 T-CONTATBUTOR ‘COUNT YEST Wy s
-1 = RIA :
0 = OVERRIOING DECIMAL REGRESSION CONTROL OATA
. o - OVERRIDING [NTEGER asuagsguu CONTROL DATA
LISY OF CONYRIGUTOR COUNT TESTS

190 a1 4 40 0o X

LIST OF COUNT TEST CRITERIA
1

JAST .
0.00100 0.00002 0.,00001 1 0 1 1110 1 .

TTLST OF ACCEP"ED DATA SEREAL NUN&ERS AND FUEL NAHES
" N

— e 3 Pol ANE.___ UIANE 5 NPENTANE __ . & N-HEXANE _ 7 NHEPTANE
8 3 ECANE o N-UNDECA‘{E TLU N-TRIDECANE ~ 12 ISOSUTANE 13 ISO-PENTANE
_ZZL‘!:E!\QP_ANE__.LLLHE"J.&MBE ~PENFANE 17 23MER \LlA.\lL__k.lL Z!SE_BUJA“E 19 _2EMEPLNTANE
20 23GMEPENTAN: 21 224MEPLNTANE zz 2Z25MEHEXANE 23 CYCLOPROPA CYCLOPENTNI 25 CYCLOHEXANE
. - .26 MECYCPENTANE . 27 MECYCHEXANE . 28 L2MECYCHEX=C __ 29 1znencnsx~t_ . n PROPYLENE 32 BUTENE-} _
33 CIS~BUFEVE=2 34 TR=DUIENE 2 35 N-PLNTENE-1 36 NPENTENE-2 37 I1SO-BUTYLENE 38 3IME-BUTENE-L
e 39 2oMESUTENE=) 40 2-MEBUIENE=2 41 SMEPENTEN=2C 42 SNEPEVIEN=2T _ 43 244MCPENINEL. 45 2MEBUTDENELD, .
1 48 TYCOCTOENELS 49 PROPYNE 50 1-BUTYNE 52 TOLUENE

46 CYCLOHEXENE = 47 &VINCYCHEX~
AXYLENE 96 EIMYLMENIENE 55 SECUUBENZENE _ 56 TCRIBUBENINE 57 J-F-PENIANE 58 )-F-HEXA

59 1-1DIFLETHAN 60 L-4FBUTANE 61 LILFPENTANE (3 ME-CHLORIDE 64 ET-CHLORIDE 65 NPRCHLORIOE

e 66 NOUCHLURIDE 0T 26MCHLURLOE . 68 1-CLEENTANE. 69 ICLZMERRPANE 70 2CLRMEPRPANE . 71 1-SCLBUIANE =

12 1-2CLBUTANE 14 2-CL-PROPENE 15 ALLYLCHLRIDE 76 2CLBUTENE-2 T7 ETHANDL u N PROPANOL
I3 LINYLACETAEE 40 IMEBORATE ME-N-AML-KET 42 DJ'NLELM_EB_.__O_LM =CINER ANISOLE .
95 MI-PH-KEIONE 36 MEAFPHKETONE ar MEBENLOATE 88 H~C 89 1-3CLPROPANE vo x zr.uuunu

-200-] B - IJ!IE!E 2 9% 3-BR-PRD
97 1-2uznnuu 99 H-F-TOLUENE  T11 N-80-AMINE T12 4RE-PYRIDINE T13 ETALNDIANINE Tié ZNE-PVRIDING
A 9 1500 120 N-BUTBENZENE 121 JR4MEQENZEME _HZ SECOUBENZENE
126 ORTHOKYLENE 125 METAXYLENE 126 ANISOLE 127 1-F-PENTANE 128 26-LUTIDINE 29 NPRCHLDAIDE
3 )= TANETHIQL 135 |-F-HEXANE 136 _ETHYLIANINE l37J!Ll,S_!!'_I_iLL'I_.___
138 DIISDPRSLFOX 139 N-BU-SULFIDE 140 ISOBUMRCAPTN. 142 PROPANE !

NONSANTU RESEARCH CURPIRATIDN FLANE SPCED REGREZSSION ™= ~ ROUTINE 1922 ~ T WIDIFTCATiON T = ~“RuN”
e . - . . —— e et e e PROBLEN 2
- ENUENY VAR [ASLE =73 UMAK7S™ o o T
TTTTILE OF INDEPENDENT TONTRIBUFORS WATH ThEIR CORRESPO! REGRESSION. INOICIES . ) .
6.

2. L3
PRIM-H 38 SEC-n " 39 TERT<W
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""""" L TLOLE CARD FOR E8SO RLGRESSION PROGRAN

PRISE  REUIESSION

JOLEN 0 e
._.:‘.6. or OATA = llu . . R—— - F_— crmnn s - el % Ssmmimeens w3 GLREEARMA eheem ewm o e
RO OF VAGIABIES & 7T Ty T T T
TAEIGHIED DEGEES UF FNEEDIN « 11800 T

T LEVEL 10 ENTCR VARTABLE = 0.000U2 oo -
T UEVLL 1D RUNOVE VARTABLE = g0.go6or ~ ~ ~T C T tt TTomTn mmmmmmem
T STANDARD ERROR GF ¥ = I70,257025 Tt o
—HE NG, T e emmemm e e [P
o VMIABLE ENIERING. b & Ct i memc e o et e ome
F LEVEL 315.6645
_.—-STANDARD ERROR UF ¥ = 8B..L189 . P,
CONSIANT O, .
et e .. NARJABLE .. COEFFICIENF  STO ERROR OF COEF ... .COCF/STN. EniDR
- X=....L 0.23460E.02 .. (VRS T S—— S 1 1T

S LEPR MO0 o e e s e e o -
VARIABLE ENTERING 2 .
—F LEVEL _____110.1560 . .
STANDAD EAROR OF ¥ »

LAN.

0003 -

VARIABLE  CUEFFICIENT  STD ERROR OF COEF

X- 1
5= 2

~SIEP NO.... ....3

COEF/STD ERROR

0.10449%E 01 0.17864C 02
e BBLAICE WL N dUAYRE 02 .

A BT ETER NG T Ty T e et s e s
—.F_LEVEL . _. 0.,5730 R J -
STANDARD ERROR uF ¥ = 63.7267

oo CONSTANT. 00 . .. ... . ... e T
VARIABLE COEFFICIENT ~ STD LWROR OF COLF  COLF/STO EAROR
X 1 T Tudvasee i

ea. L R= 2 U.12201E 02

X=- 3 =~0.84304c V)
LOMPLCICYH | . 3 STEPS OF REGRESSION

BN HECA
0.11802C 0L

0.10372¢ 02
O.4ll30E U2

~UaT2095C 00
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APPENDIX C

Fortran Programs for Routines
FSRTL and FSRDM
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crsarL STER TAPE PREPARATION FOX FLANG SPEED AGGAESSION ROUVING PSATL 1
- . DIMENSION DI6),.. usccnuool..ncuxul..uuuw PSRTL 2
t INPUT DATA FRON CARD IMAGES ON TAPE 2 FSRTL 3
JERL JTAPE LOGICAL INMIT & s ESAYL A

REWIND & PSATL []

€ . TITLE CARD. B, PSRTL .
READ INPUT TAPE 2, 1000 FSRTL 7

o WRITE OUTPUT TAPE &, 1000 ... FSRTL s
c NUMBER OF GAOUPS ON TAPE FSRTL °
e READ INPUTL_TAPE _2,.100%, 101 FPSRIL ~10.
WRITE OUTPUT TAPE 46,1001, 1P1 FSATL 11

€. MAIN DATA GAOUPS FSRIL 12
00 20 1=1, IP] ESATL 13

.~ READ INPUT TAPE 2,1002, 1SFM, ENl, EN2, IFi PSATL .14
1 INDSy INEC, | DK}y KeZo6)s IPFGC, ILFGCCNIRD ) FOCLIKD sHal, FSRTL 15

2 IPFGL. FSALL 16

70 WRITE OUTPUT TAPE 6,2002, ISFN,FNL, FN2, IFNC, IFNG, 1FNN, FSRTL 17
JURS INDS, INEC, ( DUK)y Ke2y6)oIPFGCoiLFGCCMIK) e POCLIRL KA, FSRTL.._.._ L8
2 1PFGC FSRTL 19

€ . CONTRIBUTOR NAMES e it o e 2 FSRTL . 20
READ INPUT TAPE 2, xoos.mnun. ' 2000 ; ESRTL 21
—— WRITE OUIPUT.TARE 4,2003, LGNt (1) Inl, 200} ESATL 22
3 DEPENDENT VARIASLES FSRIL 23
. READ INPUT TAPE 2, 1003, (DNM(L)s 191s4). ESRTL_ 24
WRITE OUTPUT TAPE 6, 2003, (ONMMIL)eInl, 6) FSRTL 25

.-~ END FILE & “ s - FSRTL .. 26
REWIND 6 FSRTL 27

WRIJTE OQUIPUT TAPE 3, 200% ESATL 28

CALL EXIT FSRTL 29

1000 FORMAT(1H1,11K, S0H. . FSRTL.__ 30
1 ) FSRTL 31

1001 FORMAT(1HO, 16)._. .. FSRTL 32
1002 FORKATI1S, 206, 518, 2F12.3 7 3F12.5, 14, 16, F12.5 /116y F128s FSRYL 33
16, El2.6 1A, E12.4 14y B1l2 .4 FSRIL 36

To03 FORNATILSA0) FSRTL 35
2002 FORNATU1HO,. 16y -2A8)516s_ 1PSEL2.Ae 16/ (1M o Lho $12.40 D6s E12.4  FSRTL___ 38,
1 16, E12.4, E12.4, 16, E12.4¢ 16, £12.4 )) ESRTL 3
2003 FORMAT{1HO,. 9(6X,AS1LLIH, 5 &KAbq AXAA FSRTL.____ 38
1 8XAG, SKAS, 8XAG ) ) #SRTL 39
2008 FORMATLIML, 25X, 2QMTAPE & PREPARATION COMMFTE ) ESRYY A0
END FSATL .l
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M W R P2 N N 0 DI as ke romorsr 30 e

—— MASTER CARD LISRARY MODIEICATION

“ROUTINE FSADN

TCFSRDR  MASTER DECK MODIFICATION FOR FLANE SPEED REGRESSION ROUTING
IN_MAST,

SRDM
Cv v . PREPARE .TAPE 14 FOR_PUNCHING. OF CHANGES SROM.__ 2
[4 NOMENCLATURE FS2ON 3
e NDGPOY = MUNAEA OF ODATA GROUPS PREVIODUSLY NN TAPE A
NDGCOT = NUMBER OF DATA GROUPS CURRENTLY ON TAPE FSRON s
e ...NDGCHG . .. wew = .NUMBER OF DATA GROUPS ALTERED _._ . ... SROM — &
IDGCMII) = CODE NUMBER OF ALTERED DATA GROUPS FSADM k4
NADD - e NUMBER OF DATA GROUPS. ADDED .TO MASTER DRCKR ________ FSROM. _____ 8
lCONM = CONTRIBUTOR NAME PUNCH SWITCH |-mucn 2-081Y FSROM 9
OPNAM = DEPENDENL VAR FSROM______ 10,
lDlI!NSIDN 1DGCHGI10000) (LFGCCNI90)s FGCLIDO), Guuzooh [ LIV 3] FSROM i1
. —— [ e e e——— FIADM 12
REWIND 6 FSRDM 13
—C. READ INPUT_CONTROL_DATA .. FSROM _____.14
READ INPUT TAPE 2, 3000, NOGN". NDGCHG, Itﬂ“o lnmn ESRO™ 1s
1F(_NOGCHGL. 10, 20, 10 ESROM_____16.
10 READ INPUT. TAPE 2, 3001, (IDGCMGIK), Kely NOGCHE ) FSRONM 17
€. READ TiTLE AND NUNSER. DF. GROUPS FROM MASTER TARE AMD PUNEM FSROM.___ 18
20 READ INPUT TAPE 6, 1000 FSROM 19
. READ INPUT TAPE 64 1001, NDGCOT __. ... ... .. FSROM 20
WRITE OUTPUT TAPE 14, 1000 FSROM 21
e WRITE.OUTPUT_TARE 3, 1000 DM_____22
Ls FSROM 23
e WRITE OUTPUT TAPE L4, 1001, NDGLOL FSRDM . 2¢
WRITE OUTPUT TAPE 3, 1001, NOGCOT FSROM 2%
e .. IFL NDGCOT =. NOGPOT) .100...304. .30. : FSROM __. 26
30 DO 45 1s1, NOGCOT ; FSROM 27
————READ _INPUL _TAPE. RD 8.
1 INDS, INECs { DIK), Kn2,6), IPFGC,(LFGCCNIK), FECLIK) (Kul,y FSROM 29
R IPFGL ) . —_ FSROM ____ .30
IFL 1 - NDGPOT) 32, 32, 36 FSROM 3
.32 IF{ 1 ~ IDGCHGIL). ) 404 33440 FSROM______. 32
33 Ls Ll FSRDM 33
—JeM TPUY_TAP RO 4
INDS, INEC. { DUK}y Ku2,6)y IPFGL,ILFGCCNIX), PGCLIK} K]y FSROM 3s
P ) 1PFGC FSROM ___._ 36
40 WRITE ounut TAPE S,IOOZaISFN.FNl’ FN2y IFNCo IPNGy 1PNM, FSRDM 7
— 1 INDS, INEC, ( DUK)o_ K2246)s 1PEGL o (LEG FSRON _____ 38
2 IPFGC ) FSRDM 39
—tS_LONTINUE ESROM___40.
READ INPUT TAPE & s 2003, (GNLID)¢ (=1, 200} FSROM 41
e READ INPUT TAPE 6._..0-2003, {DNML{L)s. Inls 6.0 ESRUN . ___ 42
GO YO (50, 60),1CONAN FSROM 43

. 30 WRITE OUTPUT TAPE 14,..1003, AGNLLI)e Isde 200} . FSROM _ _ .44

—$0_GO._TO_(70,_80), IDENAN

80 VRIIE OUTPUT TAPE 3, 4000
90 CALL EXIT - ——

" 100 WRrTE EouTPuT TAPE 3, ‘4001
90

—-1000. qu‘,( 1ML 11X, 60H
b}

1003 Fﬂlﬂlﬂultl
—.2002 FORNA"IHD' 160 2h6e. 516, 1PSEL2.4,. 162 (1M ..

_znn:_mmtunu.._!ux.A
1 6XA6y 6XAGy bllt 1)
3000 FORMAT{ Al6). . R

3001 FORMAT| 1216)
4000 FORMAT(1HL, 25ks.. ISHMASTER. ORCK_MOOLELCATL

WRITE OUTPUT TAPE 3, 1003, (GNL(I), 1=l, 200) FSRON 45
PSRON____ 6.

70 WRITE OUTPUT TAPE L4, 1003, (ONM(T}, 1=, & ) FSADN 7
WRITE OUTPUT TAPE 3¢ 1003, (ONMIlle I=le.6.). FSROM: _ _ 48
FSRON 49

FSROM ___ .. 50

£SRON st

FSRON s2

ESROM___.. 53

) .-suou e
~1001 EORMATLLHO. ESROM. S5
1002 Fonuulu. zu. 506y 2€12.5 /7 uu.s. 16y 16y €12.5 /116y E12.5, FSRON se
E12.5,.104 E12.5,. 164 E12.%)) PSADN 57

FSRON 56

7y FSROM____.59

o 16y EL2.4y 160 E12.4¢ I8¢ E12.4¢ 160 €12,4 D) r;::n 80

FSROM 62

[ 410 [ J— )

FSRON o

FSROM .___ 48

4001 ﬂmunml. 25K, AGHEAROR - MORE DATA GROUPS IN LIBRARY THANW ON TAP FSRON res

1€

FSRON )

ENo
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